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PREFACE 


This manual has been prepared to permit separation of the first three 
sections, which then form an operator's manual. Material for these 
sections has been scaled to the requirements and training of computer 
and off-line system operators. 


Sections IV and following are addressed to the engineer responsible 
for setting up and maintaining this equipment on site. Material 
covered includes: 


@ Installation of the tape system in system cabinets 
e Checkout procedures and requirements 

r Interconnection of the tape and data systems 

© Principles of design and operation 


e Module replacement and adjustment. 


Users of WANGCO equipment may reproduce this manual 
to any extent necessary to satisfy their own requirements. 
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SECTION I 


GENERAL DESCRIPTION 


This manual describes the operation and maintenance of the 
WANGCO Mod 10 digital magnetic tape transport system. 


PURPOSE 

The system provides the equipment necessary to: 

A. Move half-inch magnetic tape across a read-write head in 
response to commands from remote equipment or to signals 


generated from the operator's control panel located on the 
transport; 


roy 


B. Read or write data on magnetic tape and transfer this data 
between the transport and the een er. 


DESCRIPTION 
The Mod 10 is shown in Figures 1 - 3 of this section. 


In a computer or other data processing system, the magnetic tape 
units are used to store very large amounts of data. Recovery of the 
data without errors depends on proper installation and maintenance 
of the tape units and the tape itself. The Mod 10 has been designed 
to permit easy operation and simple maintenance; it also has ample 
safeguards to protect the tape from damage during its use with the 
tape unit. 


In its standard versions, the Mod 10 uses half-inch computer-grade 
tape, on reels up to 10-1/2 inches in diameter. The file or supply 
reel mounts on a hold-down knob that is the same size as the knobs 
on IBM units. Data on the tape is written so that it may be read 


by IBM systems; tapes written with IBM equipment may also be 
read on the Mod 10. Seven or nine tracks of data are written on 
the tape at densities of 200, 556, 800, or 1600 characters per 
inch. In the Mod 10, two NRZI densities are provided in the 
following combinations of the three standard formats: 200 and 
556, 556 and 800, 200 and 800 for the seven-track format, and 
800 for the nine-track format. When data is written on tape at 


a density of 1600 characters per inch, it is uae encoded and 


Tape speeds that are standard to the Mod 10 are 10, 12.5, 
18.75, 25, 37.5 and 45 inches per second. With all the com- 
binations of tape speed and data densities considered, data may 
be transferred into or out of the tape system at rates from 2000 
to 72,000 characters per second. 


During normal operation of the tape unit with the data system, tape 
motion and the reading or writing of data are controlled by the 
system. When the tape system is not under computer control 

(i.e., when it is off line), tape motion can be controlled by the 
operator through pushbuttons on the front of the machine. Indicator 
lights are also provided to show the conditions under which the 
equipment is operating. Complete details about these functions 
and indications are provided in Section II. 


When the system is operating, the speed and direction of the tape 
are determined by the capstan. As it turns, the capstan pulls the 
tape past the head assembly so that it may be either written or 

read. For the tape system to operate efficiently, the tape must be 


started and brought up to speed as quickly as possible. The weight 


aw LLL LWA 124A Wwe MP FEY OM Yee Mh Mawnan 7 MMe YY weave 0 ae Se) 


of the tape on the reels prevents the reels from starting as rapidly 

as the capstan, so a small length of tape is held by buffer arms 

near the supply and takeup reels. When the capstan starts quickly, 
the buffer arms are either pulled in or released by the tape motion. 
Changes in the position of these arms result in the supply and takeup 
reels either feeding tape to the capstan or taking up the slack created 
by the capstan motion. 


Reflective markers at either end of the tape prevent it from being 
pulled completely from either the supply or takeup reels, except 
when the operator wants to change the reel. A sensing post near 

the read/write head assembly illuminates the tape and issues a stop 
signal when the marker reflects the light into a photocell. Markers 
for the beginning and end of the tape are on opposite sides, providing 
to the computer or data system an indication of which end of the tape 
has been reached. 


fe) eatest assurance that data on the tape wiil be read 
correctly, the tape is cleaned just before it gets to the head assembly, 
The tape cleaner has small holes into which ioose dirt or oxide is de- 
posited as the tape is drawn across the cleaner. For best system oper- 
ation, the dirt must be removed from the cleaner periodically, as 


described in Section [iI for the important operator maintenance functions 
of head assembly and tape guide cleaning. 


SPECIFICATIONS 


Transport specifications are listed in Table 1. 


Table 1. Mod _10 Specifications 


Data Density: 9-track--800 cpi, 1600 cpi 
7-track--800/556, 556/200, 800/200 cpi 


Tape Velocity: LOS. [207 18.75% 20. 37454 45 ips 
Rewind Speed: 150 ips Nominal 

Total Speed Variation: +4% maximum 

Start/Stop oisesases start distance = .17+ .02 in. 


stop distance 19 + .02 in.. 


Start/Stop Time: 37.5 + 2.5 millisec at 10 ips 
30.0 + 2.0 millisec at 12.5 ips 
20.0 + 1.3 millisec at 18.75 ips 
15.0 + 1.0 millisec at 25 ips 
10.0 + 0.7 millisec at 37.5 ips 

8.3 + 0.6 millisec at 45 ips 
Head: dual gap or single gap 
Number of Tracks: 7 IBM-compatible 


9 USASCII-compatible 


Recording Mode: NRZI or PE - IBM and USASCII compatible 


Table 1. Mod _ 10 Specifications, cont'd. 


Static Skew, WRITE: 


Static Skew, READ: 
Dynamic Skew: 


Tape Specifications: 


Reel Size: 


Tape Tension: 


Electronics: 


Tape Unit Interface: 
Weight: 

Height: 

Width: 

Depth: 


Power: 


Operating Environment 
Temperature: 
Relative Humidity: 
Non-Operating Environment 
Temperature: 
Relative Humidity: 


Altitude: 


electronic skew compensation 
supplied on dual gap units 


100 micro-inches, maximum 


75 micro-inches, maximum 


computer grade, 0.5" wide, 1.5 mil 


thick Mylar base 


up to 10.5-inch diameter, IBM hub 


compatible 


8.0+0.5 oz. 


silicon solid state and 930 series 


DTL logic 
DTL logic (low true) 
100 ibs. 


24" 


: 19" 


11" (from mounting surface) 
110-125 VAC + 10%, 


2.3 amps/220-250 VAC + 10%, 
1.2 amps, 48-60 Hz 


60° to 90° F, 


20 - 80%, non-condensing 


-30° to 140°F. 
15 = 95%, non-condensing 


0 - 20,000 feet 


Less 
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SECTION II 


SYSTEM OPERATION 


Operation of the Mod 10 tape system requires only a few simple pro- 
cedures. These include tape loading and unloading, manual rewind, 
power failure recovery, and possible other special operations required 
by the data processing system using the tape equipment. 


TAPE LOADING is made particularly easy by the toggle-action hold- 
down knob (Figure 4 ) designed for the Mod 10. Positive indication 
is provided by the knob for installation of the reel and for the locked 
condition. To prepare the knob for installation of the reel, depress 
the toggle at the end marked PRESS. It will remain in that position. 
Place the tape reel on the knob, with the write enable ring, or the 
slot provided for it, toward the tape unit. This will automatically 
position the end of the tape on the reel for proper threading. After 
pressing the reel firmly against the knob, using the fingertips against 
the REEL HUB ONLY, press the extended end of the toggle tab until it 
is flush with the face of the hold-down knob. The snap action of the 
knob will be distinctly felt, and the knob is then firmly locked. Itis 
not necessary to hold the reel against the knob when the knob is being 
locked. Care should also be taken to avoid pressing the reel flanges 
against the tape pack when loading the tape or locking the knob. 
Pressure of the flange against the tape edges causes two types of 
damage: oxide is dislodged from the film, causing potential read 
errors; deformity of the edge of the tape results in misalignment of 

the tape as it passes the head, with an increased possibility of errors. 


To thread tape on 10, 12.5, 18.75 or 25 ips Mod 10 systems (Figure 5), 
follow this procedure: 


Tt = 


x cand 


Figure 4. Fite Reel Mounting Hold-Down Knob in 
( (Bottom) Positions 


Figure 5. Tape Threading Path for 25 IPS or Less System (Left) and 
37.5 and 45 IPS System (Right) 


digs Lead the end of the tape over the buffer arm guide 
and down through the slot guide in the head assembly 
cover. The passage of the tape through the slot causes 
the small shield over the head assembly to move away 
from the head. The tape then tracks properiy over the 
read/write heads and other elements in the head assembly. 


24 At the capstan end of the head cover slot, lead the tape 
around the capstan and over the top of the other buffer 


guide. 
3% Pass the tape over the top of the fixed takeup reel. 
4. Press the end of the tape against the hub through one 


of the openings in the reel flange. 


as Holding the tape against the hub, turn the reel until the 
end of the tape is overlapped and secured by the next 
tape layer. 


6. By hand, wind three full turns of tape onto the takeup reel. 


Ts To complete the loading operation, firmly press the LOAD 
pushbutton on the operator's control panel (Figure 6). 
Both buffer arms will move to their normal operating 
positions and the capstan will pull the tape forward 
until the beginning-of-tape (BOT) marker reaches the 
photosense assembly. Control of the tape system will 
then be turned over to the data system tape controller 
automatically, and the ON-LINE indicator and LOAD indi- 
cator will light up. No operator action is needed to put 
the tape system on line. 


8. If the on-line mode is not desired, the tape unit may be 
taken off line, for control from the operator's control panel, 
by pressing the RESET pushbutton, 


To thread tape on 37.5 ips or 45 ips Mod 10 systems (Figure 5), follow 


the previously described procedure for 25 ips units, except that the tape 
must be led across both rollers of each buffer arm guide assembly. 


se 


At the conclusion of a tape system operation with the computer, or at 
other times when it is necessary, the tape will be rewound onto the 
supply reel. Normally, the computer or data system will issue a re- 
wind command without operator participation. Other conditions will 
sometimes require the operator to rewind the tape by pressing the 
REWIND pushbutton on the operator control panel. This will result 

in high-speed reverse operation. When the beginning-of-tape marker 
reaches the photosense unit, the rewind will be ended, and the tane 


unit will advance the tape until the reflective marker is at the photo- 
sense head. 


TO UNLOAD THE TAPE, push the REWIND pushbutton again. The tape 
will be pulled through the tape path and returned to the supply reel. 
The tape reel may then be removed from the machine by pressing the 
knob toggle to the unlocked position. Again, care should be taken to 
avoid damage caused by pressing the reel flanges against the sides 
of the tape. 


In the event of power failure while the system is on line, the buffer 
arms will extend and tension on the tape will be relaxed, preventing 
any possible tape damage. When power has been restored, tape system 
operations may be resumed by first taking up the tape slack and then 
pressing the LOAD pushbutton. When the buffer arms have returned to 
their operating positions, press the RESET pushbutton to stop tape 
motion. Then press the REWIND or ON-LINE pushbutton, depending 

on the requirements of the system with which the Mod 10 is operating. 


In the following list, the other operator control functions and indicators 
(v4 \ 
(i / 


G d. with a review of those already mentioned: 
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Porcine 
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Density Option 
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(C) Unit Select Option 


(D) 
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PROTECT 
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Phase Encoding 


LOAD 


ON LINE 


PILE 
PROTECT 


REWIND 


This is a combination pushbutton switch and 
indicator. The indicator is on when regulated 
power has been supplied to the Mod 10. For the 
convenience of the maintenance or customer 
engineer, a power switch is provided on the 
power supply chassis at the rear of the machine. 
It is accessible only when the tape unit is swung 
open for service. 


After threading the tape, press this combination 
pushbutton switch and indicator to complete the 
tape loading operation. Tape is automatically 
advanced to the load point, or beginning-of-tape 
marker, and then the tape system goes on line. 
LOAD and ON LINE will be lit when the action is 
completed. The LOAD light will go out when the 
tape is advanced from the load point or rewound. 
The LOAD light will be lit any time that the tape 
is positioned at the load point. After this sequence 
of operations is completed the switch becomes 
functionally disabled and can only be re-enabled 
by loss of tape tension. 


This is a combination pushbutton switch and 
indicator. As previously mentioned, it is lit when 
the system is under control of the computer or 
data system. If the system is off line and if con- 
trol is to be turned over to the computer, press 

the ON-LINE pushbutton. The system will be 
returned to the OFF-LINE mode if the system inter- 
locks are lost, an OFF-LINE controller command is 
sensed, or the RESET pushbutton is depressed. 


This is an indicator that is let when a write enable 
ring is not installed on the file reel. When a supply 
reel is put on the machine with the write enable ring 
in place in the slot at the back of the reel, the FILE 
PROTECT light will be off. This indicates that data 
may be written on the tape. With the ring in place, 
protective circuits in the tape system prevent data 
from being written on the tape. 


Pressing this pushbutton switch will result in rewind 


of the tape at high speed. The operator can stop this 
reverse motion by pressing the RESET pushbutton. If 
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REWIND RESET is not pressed, the tape will go beyond 
(cont'd.) the beginning-of-tape marker, stop, and then 

automatically return to the load point. If the 
REWIND pushbutton is then again pressed, the 
tape wili be drawn out of the tape path and the 
unload sequence will be completed. If the tape 
system is under computer control, the REWIND 
pushbutton is disabled. This safety feature pre- 
vents accidental tape damage. 


FORWARD This is a combination pushbutton switch and 
indicator. The pushbutton will function only 
when the machine is off line. If the ON-LINE 
indicator is on, pressing the FORWARD push- 
button will have no effect. If the ON-LINE 
indicator is off and the FORWARD pushbutton is 
pressed, the indicator will light up and the tape 
unit will move tape in the forward direction at 
the normal tape speed. To stop the machine, 
when it is running in this mode, press the RESET 
pushbutton. 


REVERSE If the ON-LINE indicator is on, the REVERSE 
pushbutton is disabled. If the tape unit is off 
line, pressing this combination pushbutton switch 
and indicator will light the light and move the 
tape in reverse at the normal tape speed. To 
stop the machine when it is running in this mode, 
press the RESET pushbutton. 


RESET This switch is used only on NRZI units. All tape 
motion, except UNLOAD, will stop when the RESET 
pushbutton is pressed. Pressing RESET clears all 
read, write and control functions. It also removes 
the tape unit from on-line operation with the computer 
or data system and turns off the ON-LINE indicator, 


RESET/UNIT This switch is used only on all Phase Encoding units 

SELECT and replaces the normal RESET switch described above. 
This switch performs all the functions of the RESET 
switch but in addition, it houses the UNIT SELECT 
INDICATOR. This indicator is illuminated if the 
unit has been selected. See Figure 6-D. 
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UNIT SELECT This switch is standard on all Phase Encoding 
units and optional on NRZI units, When this 
switch is used, the REVERSE switch is not 
installed. This is a 4-position switch used to 
make the transport assignment in a daisy chain 
configuration. A particular drive in the daisy 
chain is automatically selected if the switch 
identification number corresponds to the controller 
select line which has been conditioned TRUE. 

See Figures 6-C and 6-D. 


DENSITY This alternate action switch is optional for NRZI 

SELECT units. When it is used, the REVERSE switch is 
not installed. When depressed to Select High 
Density, it conditions the data electronics to 
operate at the high data transfer rate and also 
causes the indicator to light. When the switch 
is again depressed, the lower data rate capability 
is selected and the light is extinguished. See 
Figure 6-B. 
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SECTION III 


OPERATOR MAINTENANCE FUNCTIONS 


Proper and regular maintenance of the Mod 10 tape handler will assure 
operation at the high levels of data and mechanical reliability that 
have been designed into the system. Particularly important are the 
operator maintenance functions that are intended to keep the system 
free of dirt and contaminants. At the high densities of data on tapes 
written or read with the Mod 10, extremely small particles of dust or 
oxide from the tape are capable of causing data errors. Careful 
attention to the cleaning procedures described in this section will 
assure the greatest possibility of trouble-free operation. 


TRANSPORT AND HEAD CLEANING should be performed after every eight 
hours of system use. Following are the steps to be carried out: 


1. Remove tape from the tape unit, as described in Section II. 


23 Remove the head covers by pulling both pieces, 
one at a time, directly away from the front of 
the machine. The covers will come off with a 
gentle, steady pull. 


3. Moisten a soft, lint-free cloth or Q-tip applicator 
with isopropyl alcohol. After the head surfaces, 
including the surface of the erase head, have been 
carefully swabbed, they should be dried with a 
separate clean and lint-free cloth. See Figure 7. 
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4. Clean the face of the tape cleaner, following the 
same procedure described in step 3. 


head guides and head guide blocks, shown 
in Figure 7. The guide blocks are immediately in 

e i y all parts with a clean, lint- 
free cloth. 


6. Clean the roller guides (Figure 8), rotating them to 
be sure all surfaces are cleaned. Dry with a clean, 
lint-free cloth. 


° If it has been removed, replace head cover by aligning 
the holes in the cover with the mounting pins on the 
transport and pressing firmly into place. 


CAPSTAN CLEANING should be performed after every eight hours of use, 
following this procedure: 


1 Moisten a cloth with water. 


2: Rotate the capstan slowly with one hand, without touching 
the rubber surface. 


oe At the same time, clean the surface of the capstan with 
the moistened cloth. Make a visual inspection of the 
capstan surface for abrasion or polish; if defects are 
observed, contact the maintenance engineer. 


4. Dry the capstan with a separate clean and lint-free 
cloth. 


Additional cleaning requirements are carried out at longer intervals. 
Every four months the entire surface of the tape unit should be 
cleaned, making sure that accumulations of dust around the hold- 
down knobs and in the head area are removed. Head covers should be 
removed and cleaned on the inside and outside, making sure that all 
deposits of dust and other possible tape contaminants are removed. 


Any periodic maintenance functions beyond those described here are 


suggested for performance by customer e .gineers. Details of these 
additional procedures are described in Section VI. 
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SECTION IV 


INSTALLATION AND INITIAL CHECKOUT 


This section provides installation instructions for the Mod 10 magnetic 
tape system. Information on unpacking the system and on the procedure 
for electrically connecting and checking out the system is included. 


UNPACKING AND INSPECTION 


Inspect the shipping container for evidence of in-transit damage. 
Contact the carrier and manufacturer if damage is evident. Specify 
nature and extent of damage. 


Open shipping container and remove contents. Check items removed 
from the shipping list to verify container contents. Contact a company 
representative in the event of a packing shortage. 

Remove protective padding and covering from the tape system. Verify 
that the serial number of the unit corresponds to that shown on the 
shipping invoice. 


Visually inspect the exterior of the enclosure for evidence of physical 
damage that may have occurred in transit. 


Check major component assemblies to determine if any assemblies or 
screws have been loosened. Tighten any loose screws or mounting 
hardware. Inspect input/output connectors. 


INITIAL CHECKOUT PROCEDURES 


To check the proper operation of the transport before placing it in the 
system, follow the specified procedure. 


Ls For applications not employing 115 VAC line power, 
verify that the appropriate primary power transformer 
wiring is correct. This can be accomplished by 
swinging out the power supply chassis and checking 
the wiring against the voltage decal mounted on the 
deck of the transport. See Figure 43. 


tae Turn the transport power on by setting the power 
switch located on the power supply chassis to the 
ON position and pressing the POWER pushbutton 
switch located on the operator's control panel. At 
this point the POWER indicator should light up. 


6 Load tape on the transport as described in Section II. 


4. Press the LOAD pushbutton to initiate the load sequence. 
The tape will move forward until it reaches the BOT 
tab. The ON-LINE indicator should light when the 
BOT reaches the photosensor. At this point, there 
will be no action when the LOAD pushbutton is 
pressed. To remove the system from the on-line 
mode, press the RESET pushbutton. The system is 
now in the off-line mode. 


5% With the transport off line (ON LINE indicator not 
illuminated), press the FORWARD pushbutton. Run 
several feet of tape onto the takeup reel and press the 
RESET pushbutton to stop the tape. Be sure that when 
the transport is on line, the action of the FORWARD 
pushbutton is inoperative. 

6. Press the REVERSE pushbutton. Tape will move backward 
until the BOT tab reaches the photosensor. Be sure that 
the action of the control is inoperative when the transport 
is on line. 


Tx Using the FORWARD pushbutton, run several feet of tape 
onto the takeup reel. Press the REWIND pushbutton to 
initiate the rewind mode. The tape will rewind past 
the BOT tab, return to the BOT tab, and stop with the 
LOAD indicator lit. If the REWIND pushbutton is now 
pressed, the tape will rewind until tape tension is lost. 
This action is used to unload tape. The reel can be 
removed as outlined in Section II. 


INTERFACE REQUIREMENTS 


The interface for NRZI only is given in this section. Phase Encoding 
interface information will be incorporated in a special Addendum. 
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CABLING 


The interface cables shall be twisted pairs with returns grounded. 
Wire shall be #24 or #26 AWG conductor with minimum insulation 
thickness. Cable twist shall be approvimately 30 twists per foot. 
Maximum cable length shall be 20 feet. The ground side of each 

pair shall terminate within a few inches of the line receiver or 
transmitter ground. Connectors shall be Transitron 600-061-18-SL 


Or equivalent. Cables should be wi ired and strain reli aved as shown 


set Oe ee ee ad i 


on Figure 9. 
RACK MOUNTING THE TRANSPORT 


The transport may be mounted in a standard 19 inch RETMA or Universal 
rack with a minimum panel space of 24 inches. A depth of 11 inches 
minimum is required behind the rack mounting surface. The procedure 
for mounting (see Figures 10 & 11) is as follows: 


Lig Remove safety blocks from below hinges then 
lift transport off shipping frame. 


2% Remove hinge-half off shipping frame and install 
same on rack in desired position. 


oF Hang transport on rack and lock in the closed 
position by tightening catch screw in front of 
the deck. 
4. Replace safety blocks. 
INPUT REQUIREMENTS 


Input voltage requirements, a diagram of input load configuration, 
and a list of input control and data functions are shown below: 


Input Requirements 


FALSE (Logic 0) +2.5to+5.5 Vv 


TRUE (Logic 1) 0.0 to+0.5 Vv 


| J 16 — 
CONTROL INPUTS x 


J6 
READ DATA 
Jl 
WRITE DATA 


Figure 9. Tape System Interface Cable Installation 
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Tape System Rack Mounting 


Figure 10. 
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Pigure 12. Input Termination Configuration 


Input Functions 
Input Control Lines Input Data Lines 


Select (1 Line) 


Write Data (7 or 9 Lines) 


Unit Select (4 Lines) 
(Option) 


Write Data Strobe (1 Line) 


Write Reset (1 Line) 


Forward/Reverse (1 Line) 


Read Permit (1 Line) 


Run/Stop (1 Line) 


Write Permit (1 Line) 


Rewind (1 Line) 


Low Read Threshold 
Select* (1 Line) 


Density Select (1 Line) 


Off-line* (1 Line) 


*these functions are not required for proper operation; therefore, they 
may be left disconnected. 


3.4.2 


3.4.3 


3.4.4 


3.4.5 


3.4.6 


The following on-line input signals (sections 3.4 and 3.5) con- 
trol operation of the Mod 10 tape transport only after power is 
on, the on-line mode has been initiated, ready status has been 
established, and the unit has been selected. (Table 2 shows 
the pin connections required to achieve correct interface with 
the tape controller.) 


INPUT CONTROL FUNCTIONS 


Select (1 Line). When this becomes TRUE, it enables all the 
write and read circuitry, the on-line transport control commands, 
and the status output lines if the ready status line is TRUE and if 
the unit is in the on-line mode. When the level goes FALSE, the 
above transport functions are disabled. 


Unit Select (option - 4 Lines). Four Select lines are provided 


such that when the one which is TRUE corresponds to the unit 
select switch position, the unit will be selected. 


Forward/Reverse (1 Line). The state of this line will determine 
the direction of tape motion upon receipt of a run command. When 
TRUE, the unit will be conditioned for forward motion. When 
FALSE, it will be conditioned for reverse motion. A transition 
shall not occur on this line while the Run/Stop signal is TRUE, 
but may occur simultaneously to a change on it. 


Run/Stop (1 Line). A TRUE level on this line will cause tape 
motion in the direction conditioned by the Forward/Reverse line. 
A FALSE level on this line will stop tape motion. 


Rewind (1 Line). A 2 usec minimum pulse on this line shall cause 
the tape transport to drive tape, at 150 ips, in the reverse direc- 
tion and stop at the Load Point, illuminating the Load Indicator. 
The transport will remain in the On-Line mode. If already at 
Load Point when the rewind command is given, the command will 
be ignored. All other motion commands are inhibited until the 
rewinding sequence is complete. 


Density Select (1 Line). A TRUE level on this line conditions the 
MTT to operate at the higher packing density. A FALSE level 
selects the lower data packing density. This line is internally 
tied TRUE for 9-track systems. This line is inoperative when the 
Density Switch option is used. 


Table 2. Input/Output Pin Assignments 


Connector # 
ELCO-00-6007-036-980-002 Signal Nomenclature Signal Pin Ground Pin 
(or equivalent) 


J-16 SELECT 0 JY 
SELECT 1 Renn 8 = 
SELECT 2 ee 7 = 
CONTROL | SELECT 3 J 9 = 
H INPUTS SELECT | J 8 
| FROM FORWARD/REVERSE G 3 
I CUSTOMER 2 RUN/STOP E 5 ‘ 
REWIND H 7 
OFF-LINE L 10 
DENSITY SELECT D-.7 4 
READY STATUS ey 16 
READY STATUS CCT 
On LINE STATUS M 11 
STATUS EWINDING STATUS N 12 
OUTPUTS ae STATUS U 1 
TO BOT STATUS R 14 
CUSTOMER WRITE ENABLE STATUS P 13 | 
HI/LO DENSITY STATUS F 6 
+5 vy, TERMINATOR 
POWER (Option) S 
ai! WRITE WRITE PERMIT B 2 H 
DATA READ PERMIT E 5 ! 
INPUT LOW READ THRESHOLD D 4 | 
CONNECTOR WRITE DATA STROBE A 1 
WRITE RESET C 3 
WRITE DATA PARITY L 10 
WRITE DATA 0 M 11 
WRITE DATA 1 N 12 
WRITE DATA 2 P 13 
WRITE DATA 3 R 14 
WRITE DATA 4 S 15 
WRITE DATA 5 z 16 
WRITE DATA 6 U 17 
WRITE DATA 7 V 18 | 


+5v. TERMINATOR 
POWER (Option) 


J=6 READ READ STROBE 2 
DATA READ DATA PARITY 1 

OUTPUT READ DATA 0 3 
CONNECTOR READ DATA 4 

8 


1 
READ DATA 2 
READ DATA 3 
READ DATA 4 14 
READ DATA 5 
READ DATA 6 


READ DATA 7 18 
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3.4.7 Off-Line (1 Line). This is a level or a 2 nsec minimum pulse 
which resets the On-Line flip-flop to the ZERO state, placing 
the transport under manual control. Itis gated only by Select 
in the transport logic, allowing an Off-Line command to be 
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Oeoer Write Data (9 or 7 Lines). One line is required for each bit in 


a character. The write data lines establish the controliing con- 
dition for the NRZI write register. When TRUE, the state of the 
corresponding flip-flop will be changed at the time of the write 
data strobe. This will change the direction of the current through 
the write head and establish a flux reversal (ONE) on the tape. 
When FALSE, the state of the flip-flop will not be changed at the 
time of the write data strobe. This will result in no change in 
the direction of write head current, hence no flux reversal (ZERO) 
will be on tape. These data lines must be held steady through 
the time interval from 0.5 usec before to 0.5 usec after the write 
data strobe. A minimum of one data line must be TRUE for every 
strobe. 


Seow? Write Data Strobe (1 Line). A 2 usec pulse on this line causes 
a change in the state of any NRZI write register cell for which 


the corresponding write data line is TRUE. One pulse is required 
for each character to be recorded. The recording density is de- 
termined by the tape speed and the frequency of the pulses. The 
frequency will be stable within 0.25 per cent. 


i Peres Write Reset (1 Line). A 2 usec pulse on this line resets the 
NRZI write register. This pulse is used to write the longitudinal 
parity check (LPC) character at the end of each block of data, 
creating an even number of flux reversals (ONE's) in each track 
of the block. 


In a seven-track system, this pulse occurs four character times 
after the last write data strobe of every block of data. 


In a nine-track system, this pulse occurs eight character times 
after the last write data strobe of every block of data. 


es ae Read Permit (1 Line). The read permit line is used to enable all 
the read circuitry. When this line goes FALSE, the strobe generator 
is disabled and the read register is DC reset. This line can be 
tied permanently TRUE. 


IV - 10 


36529 


3.9. 
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Write Permit (1 Line). When a write enable ring is on the file 
reel and write permit is TRUE, the tape transport is placed in 
the write mode. 


Low Read Threshold Select (1 Line). A TRUE level on this line 


selects a low threshold level (12 per cent) for the read signals, 
allowing for the detection of marginal areas of tape. A FALSE 
level on this line selects the normal read signal threshold level 
(25 per cent). This line is active only in the read mode on 
dual gap machines since the threshold level in the write mode 


is fixed at 45 per cent. 
OUTPUT REQUIREMENTS 


Output requirements, output current levels, and a list of output 
control and data functions are displayed below. 


Output Requirements 


FALSE (Logic 0) User terminates line 
as shown in Fig. 12-A, 


TRUE (Logic 1) 0.0 to+0.5 Vv. 


Output Current Level 


FALSE Level Open Collector 
TRUE Level 40 milliamp max. sink 


IV - 11 


3.7.3 


3.7.4 


3.7.5 


3.7.6 


Output Control Status Lines Output Data Lines | 


Ready Status (1 line ) 


Output Functions 


Read Data (7 or 9 lines) 


| On-Line Status ( " ) | Read Strobe (1 line) | 


Rewinding Status a | | 


EOT Status 
BOT Status 


Write Enable Status  ( 


Hi/Low Density Status ( 


The following on-line output signals (sections 3.7 and 3.8) 
provide the data functions when the unit is ready and selected. 
The Control Status functions are activated when on-line and 
selected. (Refer to Table 2 for pin connections.) 


OUTPUT CONTROL FUNCTIONS 


Ready Status (1 Line). This line is TRUE when the transport 
interlocks are made and the unit is on-line. 


On-Line Status (1 Line). When TRUE, this line indicates that 
the on-line flip-flop is set and the transport is under remote 
control. 

Rewinding Status (1 Line). When TRUE, this line indicates that 


the tape transport is rewinding. The rewinding function is com- 
pleted when the tape stops at the Load Point. 


EOT Status (1 Line). When TRUE, this line indicates that the 
tape transport is sensing the EOT reflective marker. 


BOT Status (] Line). When TRUE, this line indicates that the 
tape transport is sensing the BOT reflective marker. 


Write Enable Status (1 Line). A TRUE level on this line indicates 


that a write enable ring has been installed on the supply reel. 
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1 ins) YATRA MOTTO 1 
Hi/Low Density Status {1 Line). When this line is LRU, tne 


transport has been cee for low-density operation, and the read 

circuitry has been conditioned accordingly. This line is used 

only for seven-channel systems. 

OUTPUT DATA FUNCTIONS 

Read Data or 7 Lines One for each bit in a character. The 
ta is in = 1@ form of Suisse occurring simultaneously and coin- 

ae with the Read Strobe pulse. The presence of a pulse indi- 

cates a ONE and the absence of a pulse indicates a ZERO. These 

pulses shall be 2 usec wide. 


Read Strobe Pulse (1 Line). The Read Strobe line shall provide 


a pulse of 2 usec for each data character read from tape. This 
pulse shall be coincident with the data pulses. 
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SECTION V 


PRINCIPLES OF OPERATION 


For best understanding of the principles of operation of the Mod 10 
tape system, the major subassemblies are described separately. 

The functional separation of system operations relates conveniently 
to the actual physical packaging of the subassemblies. Following 

are the major subassemblies, in the sequence in which their operation 
is explained: 


dys Power supply 
ie Capstan drive and servo system 
3% Reel ae and servo systems 
4, Control electronics 
ae Data electronics 
POWER SUPPLY 


A single assembly supplies power to the entire system, handling the 
needs of the capstan and reel drive systems, the data electronics and 
the option electronics. As shown in Figure 13, AC power to the system 
is controlled by a double-pole, single-throw switch on the power supply 
chassis and by a single-pole, single-throw pushbutton switch on the 
operator's control panel. The switch on the power supply chassis must 
be switched on to use the operator's control panel switch to control 
power. A three-wire cord is used with the ground line connected directly 
to the power supply chassis. A circuit breaker is provided in the hot 
side of the primary power line. 
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Mod 10 Power Supply 


Unregulated DC from the power supply is sent to the regulators, which 
are on a separate printed circuit board mounted to the power supply 
chassis: this DC is also used to drive the capstan and reel motors. 
Voltages supplied unregulated are +19 volts, -19 volts, +13 volts, and 
-12, and +5 voltages. 


Each voltage regulator consists of a linear integrated circuit amplifier 
plus power output transistors. The output voltage tolerance for the 
regulators is +5 per cent and each is potentiometer adjustable. The 
+12 and -12 volt regulators can supply up to 1.5 amperes and the 

+5 volt regulator, up to 3.5 amperes. 


The output level of the +5 volt regulator is prevented from rising above 
+8 volts to protect the integrated circuits used in the system from over- 
voltage stress that could occur under abnormal conditions. If the voltage 
on the +5 volt line goes above +8 volts, an SCR will conduct, shorting 
the +13 volt unregulated input line to ground until the fuse opens, thus 
protecting the circuits. 


CAPSTAN DRIVE AND SERVO SYSTEM 


All tape motion in the Mod 10 is initiated by the capstan, which is 
driven by a DC motor. When the motor is running, a tachometer 
generates a DC voltage that is used to control the tape velocity through 
the capstan servo system (see Figure 14.) 


The strobe disc will be on the front of the capstan and will have two 
patterns, one for 50 Hz and one for 60 Hz. The inner pattern will be 
for 60 Hz. It is to be viewed with the corresponding AC light (such 

as fluorescent) the pattern on this disc appears to stand still when 

the capstan motor of the tape transport is operating at the correct speed. 
The strobe pattern will be present only on machines operating at 12.5, 
25, or 37.5 inches per second. Thus, proper operation of this 
component of the tape transport can be under continuous visual inspec- 
tion by the operator. Any departure from a stationary pattern (i.e., 
precession of the strobe lines in either a clockwise or counterclock- 
wise direction) indicates a speed variance of the capstan drive. (See 
Section VI for calculating the percentage of such variance.) 


Two ramp generators are used in the capstan servo. One controls the 
forward and reverse speeds at nominal velocity, and the other controls 
the rewind speed. The forward/reverse ramp generator uses a Zener 
diode as a precise voltage reference. The rewind ramp generator uses 
the regulated +5 volt level as a voltage reference. Resistors Rl and 
R2 in Figure 14 in combination with R3 and R4 , functionas a 
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summing network to control the capstan speed. Current through R3 is 
generated in the tachometer, and R4 provides feedback from the capstan 
motor, proportional to the motor current. The current feedback is 
generated by sensing the voltage across a 0.1 ohm resistor (R5) in 
series with the motor. When the motor is running, the sum of currents 
in R3 and R4 is equal to the sum of the currents in RI and R2. 
Either a forward or reverse command to the ramp generator prec 
tances traveled during acceleration or deceleration are such that an 
IBM-compatible interrecord gap is generated. Forward and reverse 
commands generate currents through RI having opposite polarities. 
Symmetry of the start and stop times and distances is readily achieved 
through the potentiometers in the forward and reverse inputs to the ramp 
generator. A potentiometer is also used to adjust the capstan drive 
servo amplifier offset so that no tape motion occurs unless the tape 
transport has received a motion command. 


Figure 15 shows the relative timing of commands to the capstan servo, 
the ramp function generated, and the resulting tachometer output seen 
by the servo amplifier. 


In the rewind ramp generator, the rise time has nominally a 1 second 
time constant. This provides a time interval that permits the tape to 
accelerate to 150 ips without exceeding the storage capacity of the 
servo arms. Fall time is nominally a 0.5 second ramp and it assures 
that the storage arm capacity is not exceeded as the tape slows and 
halts. 


When the system is in the ready state, the tape is held motionless 

by the balanced tension (eight ounces) in the storage arms and the 
friction in the capstan drive motor. Although the wrap on the capstan 
varies slightly with the arm position for the takeup reel, it is nominally 
180 degrees. The area of tape in contact with the capstan and the 
tension on the tape prevent any relative motion between capstan and 
tape. 


REEL SERVO SYSTEM 


Two identical servo systems control the supply and takeup reels in 

the Mod 10. Storage of appropriate lengths of tape to permit accel- 
eration and deceleration is provided by the buffer arms, which permit 
the capstan to start and stop the tape without having to start and stop 
the reels in the same short time. Storage of tape by the arms is suf- 
ficient to permit the system to operate at the nominal tape speed without 
program restrictions. 


FWD COMMAND 


REV COMMAND 
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RAMP GENERATOR 


TACHOMETER 


Figure 15, Timing Diagram of Commands to Capstan Servo 


Operation of the reel servo system is diagrammed in Figure l6. A 
light-sensing circuit provides arm-position information to the servo 
amplifier, which drives the reel motor. As tape is delivered to the 
arm or taken from it, the arm-moves up or down and the position of 
the mask between the light source and the light-sensing element 
changes. When the mask is at the appropriate position, the output 
of the light-sensing circuitry no longer provides an error signal to 
the amplifier. Enclosure of the light source prevents ambient light 
from affecting system performance. 


Reel motors are driven by linear amplifiers, stabliized for all operating 
Situations and sequences. During the Rewind mode the amplifier gain 

is increased and the output stage operating voltage is raised to offset 

the increase in back emf generated by the reel motors at higher rpm, 

An offset signal is fed to each servo amplifier during the unload cycle 

to bias each servo swing arm close to its respective stop. This assures 
gentle handling of tape as it unloads from the fixed reel. It also prevents 
violent impact of the.arms against their stops. 


Spring tension on the servo arms is balanced at all times by torque in 

the reel motors. Should power fail or servo operation be interrupted, the 
springs pull the arms out and into contact with limit switches that turn 
off all reel servo and capstan functions. If power fails during high-speed 
rewind, the reel motors are shorted by contacts on the ready relay. The 
resulting strong dynamic braking effect stops the reels without damage 

or spilling of the tape. 


Potentiometer adjustments are provided on the transport board to permit 


2 s s 2 s e 
proper setting of each swing arm position. A potentiometer adjustment 


is also provided to set the gain of each reel servo amplifier, compensating 
for the normal manufacturing tolerances in components. 


CONTROL ELECTRONICS 


The control portion of the transport electronics printed circuit board 
(see Figure 17) receives its primary inputs from the operator's control 
panel or the remote controller. In addition, it responds to control 
signals from the photosense assembly and from the servo amplifiers 
(during the rewind sequence). 


The internal control circuitry outputs signals to the remote tape con- 
troller and to the operator's control panel (in the form of indicator 
lights). Within the transport, it provides signals to the servo ampli- 
fiers and to the data electronics printed circuit board. 
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Figure 16, Reel Servo System 
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Figure 17. Transport Control Electronics 


BRING-TO-READY SEQUENCE & SYSTEM INTERLOCK 


When power is applied to the tape transport, it activates the arm 
retract motor, returning the servo arms to the load position. With 
the arms in the load position, the ready relay (Kl) is unenergized 
and all three servo motors are shorted to ground. Interlock 
switches, S11 and S13, are also open, thus preventing latching of 
me ready relay (see Figure 18). The operator may then mount tape 
on the reel as specified in the instructions in Section Il. When 
the operator pushes the LOAD pushbutton at the control panel, he 
initiates the following automatic load sequence (see Figure 19). 


The retract motor is energized; its motion releases. the servo arms 
from their retract position, and the series string of interlock 
switches (S10, S11, S12, S13) will be in their N.C. position. As 
the retract motor continues to turn, the load cam detent will be 
seen by the load cam switch 514, and a momentary ground will be 
transmitted to the ready relay terminal, K1-10. This energizes 
the ready relay, thus providing power to the servo motors which 
then maintain tension on the servo arms. The series string of inter- 
lock switches provide an unbroken circuit to ground for the ready 
relay Kl, thus holding the ready relay energized. If any one of the 
switches S10 through S13 is opened, the ready relay (Kl) is de- 
energized. When the ready relay is energized, it sends a ground 
Signal to the ready delay circuitry, which -- after timing out -- 
gives an internal ready signal. (This signal does not reach the 
tape controller unit.) If the tape is not already at BOT, a set for- 
ward and on-line command is generated that sets the forward and 
on-line flip-flops. The tape moves forward, seeking BOT, and the 
ON-LINE indicator at the operator's control panel is illuminated. 
(Ready status to the tape controller unit is still inhibited.) 


If the tape is already at BOT (or when it reaches BOT, after search- 
ing): 


Tape motion stops (or is not initiated if at BOT) 


A delay network times out and then the ready status 
line to the tape controller unit goes TRUE. 


The LOAD indicator at the operator's control panel 
is illuminated. 
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Figure 18. System Interlock Diagram 
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Figure 19, Flow Diagram of Auto Load Sequence 
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In summary, ready status output to the tape controller will not 
be TRUE, unless there is no locally initiated forward or reverse 
motion, there is no rewind in progress, and mechanical ready, 
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BRAKE LOGIC (OPTIONAL) 


Figure 19A diagrams the brake logic. When power is initially 

turned on and if the retract position input is high (open), the 

flip-flop is set, and the retract relay driver I} is held off. The 

load cam driver I5 and the brake relay driver D are also held 

off at this time if the input term Load P.B. is at ground. (Under 
normal system operation this input is depressed). When the Load 
P.B. input is High gate A is enabled and turns on I9, which initiates 
a load cycle. Gate A also enables gate D which releases the brakes. 
If the load operation is successful, the Ready (-) input will go High 
and the power on flip-flop will be reset. If during the power on cycle, 
the retract position input is Low, the power on flip-flop is held reset. 
When the power on flip-flop is in the reset state, only the retract 
relay driver I, is on. This allows normal loading and unloading 

with the arms retracting automatically. 
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Figure 19A. Simplified Diagram of Brake Logic 
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In summary, ready status output to the tape controller will not 
be TRUE unless there is no locally initiated forward or reverse 
motion, there is no rewind in progress, and mechanical ready, 
on-line status, and selected status are all TRUE. 


When on-line status is TRUE, all pushbutton switches at the 
operator‘s control panel are disabled except RESET. 


Pressing RESET at the control panel DC resets the terms Rewind, 
Motion (Forward or Reverse), and On-Line to FALSE. Remote con- 
trol of the transport can be restored after a RESET action by 
pressing the ON-LINE pushbutton. The on-line command from the 
operator's control panel is gated through two cross-coupled OR- 
gates, and the transport is then ready to accept any remote com- 
mand. 


The transport can always be put in the off-line state by the remote 
off-line command if the tape unit is selected. 


MOTION LOGIC (FORWARD AND REVERSE) 


A diagram of the logic governing forward and reverse motion is 
given in Figure 20. Forward and reverse motion commands to the 
servos are initiated locally from the operator's control panel 
when the transport is in the off-line mode or from the remote con- 
troller when the transport is on-line. 


The OCP-enable line must be TRUE (low) to initiate local motion . 
from the operator's control panel. When the FORWARD pushbutton 
is pressed, the motion latch is set (U207A, U207B, and U208 in 
Figure 20), and the output of U207A will be TRUE (low). This output 
is transmitted through NOR-gate U213B, which OR's the local and 
remote forward commands and presents a forward (+) signal to the 
capstan servo. 


Local reverse motion is initiated by pressing the REVERSE pushbutton 
on the operator's control panel. The reverse switch is interlocked 
in such a way that a reverse command cannot be initiated simultane- 
ously with a forward command. With the motion latch set by the 
REVERSE pushbutton, the output of U207B will be TRUE (low). This 
output is transmitted through NOR-gate U214, which OR's the local 
and remote reverse commands and presents a reverse (+) signal to 
the capstan servo. 
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Figure 20. Simplified Logic of Motion Control (Forward and Reverse) 


Local reverse or forward motion is terminated if a RESET ACTION is 
taken, if the transport is mechanically not ready, or if the terms 
EOT, BOT, or Rewind are TRUE. 

When the transport is in the on-lin 
be FALSE (high), thus disabling the 
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U209B in Figure 20 are enabled by the terms Ready and On-Line, and 
any subsequent forward or reverse motion commands from the remote 
controlier wili be transmitted to the capstan servo control through 
U213B or U214. 


A 
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The NAND-gate labeled U209B has an additional term (NOT BOT) on 
its input. This term prevents reversing off the BOT marker during 
the on-line mode of operation. 


REWIND AND UNLOAD LOGIC 


The rewind sequence is not internally different, whether it stems 
from an action at the operator's control panel or from a remote com- 
mand. A logic diagram of this function is given in Figure 2]. 


The rewind sequence is mechanized with a series of three flip-flops, 
U210A, U210B, and U211A. The flip-flop labeled U210A in the dia- 
gram is set initially either by the REWIND pushbutton through NAND- 
gate U208, or by the remote rewind command through NAND-gate U209. 
The NAND-gate labeled U212 decodes the outputs of flip-flops U210A 
and U210B and presents a rewind (-) command to the capstan rewind 
ramp generator. A reverse-for-rewind is also sent to the capstan servo 
control through U214. When the capstan servo receives the rewind (-) 
and reverse-for-rewind signals, the tape drive ramps to rewind speed 
and runs until either BOT is reached or a RESET pushbutton action is 
taken at the operator's control panel. If no RESET action is taken, 

the leading edge of the BOT tab loads flip-flop U211A and the trailing 
edge loads flip-flop U210B. With U210B set, the inputs to U212 are 
no longer TRUE, and the rewind signals to the capstan servo are ter- 
minated. The capstan ramps to a stop, a set-forward pulse is generated, 
and the tape drive begins searching forward for BOT. When BOT is 
reached, the series of three flip-flops (U210A, U210B, and U211) is 
reset and tape motion ceases. 


At this point, two actions may be used to unload the tape. A RESET 
action takes the transport off-line, and a subsequent REWIND action 
causes tape to rewind until tape tension and mechanical interlocks 
are lost. During the process of unloading, a regular rewind command 
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is distinguished from a rewind-to-unload command by the gating to- 
gether at U215B of the terms Off-Line and Ready, BOT, and Rewind. 
Under these conditions, the easy unload latch, comprising U205 and 
U214, is set, and an unload (-) signal is sent to the fixed reel servo. 
The fixed reei servo is biased to a position very ciose to the stop, 
and the shortened stroke of the servo arms when tape tension is lost 
prevents accidentai damage to the tape as it unioads. The unioad 
latch is reset only by the term Not Mechanically Ready; thus, once 
an unload is initiated, it must complete its cycle. (Note: Ifa 
second BOT tab is sensed during an unload cycle, the tape drive 
will attempt a search for load point cycle, and will in most cases 
loop-out, causing the ready relay to drop out.) 


WRITE ENABLE LOGIC 


Figure 22 diagrams the write enable logic which comprises a flip-flop 
(U211) and a positive pulse generator (U219A and U219B). The flip- 
flop is set when the write enable line from the controller is TRUE (high), 
enabling the J input of U211, and when either a forward or reverse 
motion command is initiated. The T input positive pulse is generated 
by U219A and U219B. The pulse is generated when motion goes TRUE 
(high). The output of U219A goes to ground after a time delay set by 
R264 and C217. This negative transition initiates a positive pulse 

at the output of U219B. The trailing edge of this pulse causes the 
flip-flop to change states. The pulse width is determined by R265, 
R266, and C218. When the write enable flip-flop is set, the trans- 
port is conditioned to write. 


The write enable flip-flop is reset when the write enable line from the 
controller is FALSE (i.e., when the K input of U211 goes high after 
inversion by U201), and when either a forward or reverse motion com- 
mand is initiated. 


FILE PROTECT LOGIC 


The file protect logic is mechanized such that there will be a minimum 
of scraping of the write enable ring during the initial loading cycle of 
the transport. 


The mechanization is shown in Figure 23. When a reel of tape is ini- 
tially loaded, the file protect switch is closed, and the logic latches 
the write enable solenoid, thus retracting the solenoid pin to prevent 
scraping of the write enable ring. 
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Figure 22, Simplified Logic of Write Enable Control 
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Figure 23. File Protect Logic 


When the LOAD pushbutton is pressed, the logic releases the solenoid. 
This is done to sample if there truly is a write enable ring in place, and 
that the solenoid was not accidentally energized. When the loading 
cycle is completed, the transport ready signal is the hoiding signal. 


4.8 READY LOGIC 


The ready logic, diagrammed in Figure 24, provides three basic ready 


ctianwr ale: 
eLlylldis. 


a) Select & Ready (+) from U205, which conditions the 


data electronics to accept and transmit information 
to the controller. 


b) Ready & On Line from U201, which is transmitted to 
the controller via an output driver. This line informs 
the controller that the transport is ready and not re- 
winding, and therefore able to accept any command 
from the controller. 


Cc) Ready & Off Line from U208. This is an internal ready 
signal that enables the operator control panel so that 
any motion command generated by the operator control 
panel will be accepted by the transport. 


The ready signal is generated by the following logic equation: 


—oo 


READY = (DELAYED MOTION) - (REWIND) (RESET + MECH. READY + RESET REWIND) 


and is mechanized by U215. If all the inputs to U215 are TRUE (high) 
the output will be low. This low signal is inverted by U205A and gated 
with the terms Select & On-Line by U212 to provide the Select & Ready 
term. The low output of U215 is also inverted by U205B and gated with 
the term OffLine by U208 to provide the Ready & Off Line term. U205A 
and U201 are collector-OR'd to provide the Ready & On-Line term. 


Ds DATA ELECTRONICS 


Data electronics described in this manual pertain to NRZI mode recording 
only. Phase encoding requires additional special data electronics and 
is described in a separate manual. 


In the NRZI mode of recording, a "1" is represented by a change of 
direction of magnetization between positive and negative saturation 

levels, anda "0" is represented by no change of magnetization. The 

data electronics subsystem provides a format that is compatible with 

the IBM 727-729, 7-track format, at data densities of 200, 556, and 800 
cpi. The subsystem also provides compatibility with the IBM 2400 series, 
USASCII-compatible 9track format at data densities of 800 cpi. Figures 25 
and 26 present the 4 and 9-track location and space specifications. 
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Figure 24. Simplified Logic of Ready Control 
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Figure 25. Track Locations and Spacing, 7-Track System 
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Figure 26. Track Locations and Spacing, 9-Track System 


V- 22 


At the end of each data record, check characters must be recorded 

and an inter-record gap inserted. Figures 27 and 2@ present the 7-and 
9-track IBM inter-record gap and tape mark formats. As indicated by 
these figures, in the 7-track format the longitudinal redundancy check 
character (LRCC) only is written, whereas in the $track format, both 
a cyclic redundancy check character (CRCC) and an LRCC are written. 
The CRC character is supplied together with a single wri I 
signal by the customer to the transport interface. It is separated by 
four character spaces from the last data character of the previous re- 
cord. In the 9-track system, the LRC character is written four character 
spaces after the CRCC character, whereas in the 7-track system, the 
LRC character is written four character spaces after the last data 
character of the previous record. The LRC character is written by 

the customer transmitting the WRITE AMPLIFIER RESET signal, (leading 
edge) at the proper time. This signal resets the write flip-flops causing 
the total number of magnetization transitions in any track to be an even 
number. 


as 


The Inter-record Gap (IRG) displacement is nominally 0.6 inch for 
9-channel systems and 0.75 inch for 7-channel systems. The IRG is 
established by the sum of the following component distances: 


Stop Distance - Stop distance is the distance traveled by a 
point on the tape from the time a stop command is issued 
until the tape velocity is zero. 


Stop Delay Distance - Stop delay distance is the distance 
traveled by a point on the tape from the time the LRCC character 
is placed on tape until a stop command is issued. In dual gap 
systems, if the read data is used to sense the end of the record, 
the stop delay distance is the distance traveled from the time the 
LRCC is sensed at the read bus until the stop command is issued. 


The stop delay time is generated in the customer's controller. 


Start Distance - This is the distance traveled by a point on the 
tape from the time a forward command is issued until the first 

data character is placed on tape. The Write Delay time appropriate 
to the start distance is generated in the customer's controller. 


A tape mark is used to separate files of information recorded on tape. 

The tape mark configuration for 7- and 9-track systems is shown in 
Figures 27 and 28 respectively. Tape mark timing is established and 
provided by the customer's controller. The command sequence for in- 
serting a tape mark is as follows: a forward command is issued, followed 
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Figure 27. 7-Track File Gap Format 
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Figure 28. 9-Track File Gap Format 
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at the proper time by the tape mark character together with its write 
data strobe, which in turn is followed by the LRC character written 
four character spaces later in a 7-track system and 8 character spaces 
later in a 9-track system. 


DATA ELECTRONICS, DUAL GAP SYSTEMS 
Read-After-Write Head Assembly 


A dual-gap read-after-write head is optionally available in either a 
nine-channel or a seven-channel format. A full-width erase head is 
located on the oxide side of the tape, positioned 0.34 inch from the write 
stack head gaps. The write stack is center-tapped and it operates at 

50 milliamps of current per leg. The voltage output of the read stack 

is proportional to the speed of the tape; at 25 ips, it provides 18 to 20 
millivolts peak to peak. The erase head operates at 50 milliamps. 


Two auxiliary components are mounted adjacent to the read/write head 
on a common base--the photocell and lamp assembly that detects be- 
ginning and end of tape, and the tape cleaner. The photosense assembly 
is a self-contained unit that is directly cable-connected to the transport 
electronics printed circuit board. The tape cleaner, whose operation 

is entirely mechanical, is ideally positioned adjacent to the head so 
that the cleaned tape passes directly to the read/write head, minimizing 
the chance of contamination that might result in deterioration of data 
reliability. 


Write Data Flow 


Figures 29 and 30 present a block diagram and timing diagram of the flow 
of write data through the system. (Only one data line is shown. The 
components for the channel represented schematically in these diagrams 
are, of course, duplicated for each of the other write data channels.) 
Data enters through line receivers whose function is to invert the low- 
TRUE levels. Each receiver has a terminating impedance of 130 ohms. 


A pulse on the write strobe line clocks information from the data lines 
into the system, If a given data line is TRUE, the write strobe pulse 
passes data on that line through the data strobe reset logic gates, which 
consist of two NAND-gates, OR'd together (see the block labeled A in 
the figure). If a given data line is FALSE, the pulse is gated out. 


At the block labeled B (Figure 29), electronic correction is made for the 


static skew characteristics of the write head. The leading edge of the 
gated data pulse triggers the write deskew single-shot, whose pulse width 
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Figure 29. Write Data Flow, Dual Gap Systems 
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Figure 30, Write Data Flow Timing Diagram, Dual Gap Systems 


has been preset and is adjustable by means of a potentiometer. 

The trailing edge of the pulse loads the write register, whose contents 
are then converted into currents by the head drivers. The head drivers 
Operate the write heads, which put the data on tape. 


At the end of each block of data, a write reset pulse enters the system. 
In the nine-channel configuration, this pulse enters cight character 
times after the last strobe of the data block; in the seven-channel 
configuration, it enters four character times after the last strobe. 

The function of this puise is to reset any head drivers remaining in the 
set state at the end of a data block, thereby generating the longitudinal 
redundancy check character on tape. 


The write register is DC reset at certain times and under certain con- 
ditions to ensure that information is not recorded on tape unless re- 
cording is deliberately intended. The logic created for this is such 
that if any one of the terms Motion, Write Enable, Select, and Ready 
is FALSE, the write register will be DC reset. 


The flow of power to the write heads is controlled through the write 
power gate (see Figure 31). This is an AND-gate function that com- 
prises the terms Write Enable (or Write Permit), Select & Ready, and 
File Protect. (Write power enters the data electronics printed circuit 
board from the transport electronics printed circuit board if the file 
protect switch on the deck has been energized.) 


Read Data Flow 


Figure 32 presents a block diagram of the flow of read data through the 
system. (As in Figure 29, only one channel is indicated.) The read 
head generates a low-level analog signal of approximately 10 to 20 
millivolts peak to peak. The read amplifier, which has a differential 
input and single-ended output, picks up this signal and amplifies it 
to a Suitable level, then sends it to a phase splitter, which generates 
the complementary signals required for full-wave rectification. The 
phase splitter output signal level is adjusted to 12 volts peak to peak 
by the attenuator control potentiometer at the output of the read amplifier. 
A clipping level DC bias is fed into the input of the full-wave rectifier 
with the result that positive peaks above the clip-level threshold are 
observed at the output of the circuit. This signal is then sent to the 
peak detector, which in turn generates a digital pulse whose trailing 
edge is synchronous with the peak of the analog signal and is used to 
load the read register at that time. The contents of the read register 
are sent to the output driver and then to the customer's data line. 
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Figure 31, Write Power Gate and Write Register DC Reset, Dual Gap Systems 
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Figure 32. Read Data Flow, Dual Gap Systems 


Auxiliary to this general flow of read data, several other functional 
circuits complete and control the read data generation and transfer 
process. These auxiliary functions are described in the subsections 
following. 


Strobe Generation Circuitry. As in most other NRZI read systems, the 
OR'd data method of read strobe pulse generation is used in the Mod 10 
(see Figure 33). The first arriving bit sensed at the read register 

is used to trigger the read strobe delay single-shot. This is imple- 
mented by taking the complement outputs of the read register and feeding 
them into a nine-way OR-gate whose output goes to the single-shot. The 
pulse width of the single-shot is controlled by adjusting a potentiometer 
and is set to approximately one-half frame time. 


At the end of the variable time delay period, a read strobe pulse is 
generated (see the block labeled Tin the diagram) and sent to the 

tape controller. The leading edge of this pulse also triggers the 

read register delayed reset pulse network, allowing 500 nanoseconds 
for scanning of the data lines by the controller before the read registers 
are reset. A summing function (data staircase) is provided at the output 
of the read registers so that interchannel time displacement can be 
measured. 


A timing diagram for both read data flow and strobe generation is given 
in Figure 34. 


High-Low Density Select. Data can be recorded on tape at either a high 
or low density (more or fewer characters per inch). An input from the high- 


i + 1 art Ath Af tha veandA etenke 
low density select function changes the pulse width of the read strobe 


delay single-shot to correspond to the density of character generation. 


Read Permit. This system function allows the remote tape controller 

unit to enable or inhibit read data at any time. Read permit is conditioned 
by the terms Select and Ready. If either of the two terms is FALSE, the 
read registers and output drivers are disabled. 


Clipping Level Circuitry. This circuitry, shown in Figure 32, generates 
the clipping levels through which the read signals must pass before 
reaching the peak detectors. In the write enable mode, approximately 
45 per cent of the read signal amplitude is clipped. In the read-only 
mode, the level is decreased so that only 24 per cent of the read signal 
amplitude is clipped. A provision has been implemented via the low 
threshold select remote input line so that an even lower threshold level 
(12 per cent) can be selected when reading marginal output tapes. The 
state of this line has no effect on the clipping level while in the write 
mode of operation. 
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Rewind Inhibit. This system function prevents the reading of data 
if the tape is rewinding. The relevant circuitry prevents current flow 
in the phase splitter, disabling its operation during rewinding. 


Read/Write Head Assembly 


A single-gap read/write head is optionally available in either a nine- 
channel or a seven-channel format. The head assembly is illustrated 
in Figure 8. A full-width erase head is located on the oxide side of 
the tape, positioned 0.34 inch from the head gaps. The stack has a 
center tap configuration and is operated at 20 milliamps of current 
per leg. The voltage output of the stack is proportional to the speed 
of the tape; at 25 ips, it operates at 14 to 18 millivolts peak to peak. 
The erase head operates at 50 milliamps. 


Two auxiliary components are mounted adjacent to the read/write head 
on a common base--the photocell and lamp assembly that detects 
beginning and end of tape, and the tape cleaner. The photosense 
assembly is a self-contained unit that is connected by cable to the 
transport electronics printed circuit board. The tape cleaner, whose 
operation is entirely mechanical, is ideally positioned so that the 
cleaned tape passes directly to the read/write head, minimizing the 
chance of contamination that might result in deterioration of data 
reliability. 


Write Data Flow 


Figure 35 presents a block diagram of the flow of write data through 
the system. (Only one data line is shown. The channel components 
represented schematically in this diagram are, of course, duplicated 
for each write data channel.) Figure 36 presents a write data flow 
timing diagram. 


Data enters through line receivers whose function is to invert the low- 
TRUE levels. Each receiver has a terminating impedance of approxi- 
mately 130 ohms. The output of the data line receiver is used to 
condition the J-K inputs of the write register cells. The write strobe 
signal is sent to the clock inputs of the write register. If the data 
line is TRUE at the time the write strobe pulse arrives, the write 
register will switch states at the trailing edge of the pulse. This 

in turn changes the state of the head driver which causes the current 
in the head to reverse its direction. 
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Write Data Flow, Single Gap Systems 
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Figure 36, Write Data Flow Timing Diagram, Single Gap Systems 
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If the data line is FALSE at the time of write strobe, since this causes 
both the J and the K inputs to be false, the register will not change 
states; hence, no current reversal will occur at the head. Current 
reversals at the heads cause data to be recorded on tape. 


At the end of each block of data, a write reset pulse enters the system 
and DC resets the write register. In the nine-channel configuration, 
this pulse enters eight character times after the last strobe of the data 
block; in the seven-channel configuration, it enters four character times 
after the last strobe. The function of this pulse is to reset any head 
drivers remaining in the set state at the end of a data block, thereby 
generating the longitudinal redundancy check character on tape. 


The write register is DC reset at certain other times to ensure that 
information is not recorded on tape unless recording is deliberately 
intended. The logic created for this is such that if any one of the 

terms Motion, Write Enable, Select, and Ready is FALSE, the write 
register will be DC reset. 


The flow of power to the write heads is controlled via the Write Enable 
and Select & Ready NAND-gate which sends a signal to the DC set inputs 
of the write register. When either signal goes FALSE, the write register 
is both DC set and DC reset, causing both its outputs to go to a high 
level. This in turn disables both head driver outputs, hence removing 
both current paths to the head. If both inputs are TRUE, the DC set 
input to the register goes FALSE, allowing the head driver to drive 
current into the head. (Write power enters the data electronics printed 


circuit board from the transport electronics printed circuit board only 
if the file protect switch on the deck has been energized {cee 
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Figure 37.) 
Read Data Flow 


Figure 38 presents a block diagram of the flow of read data through the 
system. (As in Figure 35, only one channel is indicated.) A timing 
diagram for read data flow and strobe generation is given in Figure 39. 


Input diodes protect the read amplifier during write operations. The 

read head generates a low-level analog signal of approximately 14 to 18 
millivolts peak to peak. The read amplifier, which has a differential 

input and single-ended output, picks up this signal and amplifies it to 

a suitable level, then sends it to an inverting amplifier which generates 
the converted signal required for the full-wave rectifier. The amplifier 
output signal level is adjusted to 12 volts peak to peak by the gain control 
potentiometer. A clipping level DC bias is fed into the input of the 
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Figure 39. Timing Diagram of Read Data Flow and Strobe Generation, Single Gap Systems 


full-wave rectifier with the result that positive peaks above the clip- 
level threshold are observed at the output of the circuit. This signal 
is then sent to the peak detector, which in turn generates a digital 
pulse whose trailing edge corresponds to the peak of the analog signal 
and is used to load the read register at that time. The contents of the 
read register are sent to the output driver and thence to the customer's 
data line. 


Auxiliary to this general flow of read data, several other functional 
circuits are implemented to complete and control the read data genera- 
tion and transfer process. These auxiliary functions are described 

in the subsections following. 


Strobe Generation Circuitry. As in most other NRZI read systems, the 
OR'd data method of read strobe pulse generation is used in the Mod 10 
(see Figure 40). The first arriving bit sensed at the read register 

is used to trigger the read strobe delay single-shot. This is imple- 
mented by taking the complement outputs of the read register and feeding 
them into a nine-way OR-gate whose output goes to the single-shot. 

The pulse width of the single-shot is controlled by adjusting a poten- 
tiometer and is set to approximately one-half frame time. 


At the end of the variable time delay period, a read strobe pulse is 
generated (see the block labeled T in the diagram) and sent to the 
tape controller. The trailing edge of this pulse also triggers the 
read register delayed reset pulse network, allowing 500 nanoseconds 
for scanning of the data lines by the controller before the read 
registers are reset. A summing function (data staircase) is provided 
at the output of the read registers so that interchannel time displace- 


ment can be measured. 


High-Low Density Select. Data can be recorded on tape at either a 
high or low density (more or fewer characters per inch). An input 
from the high-low density select function changes the pulse width 
of the read strobe delay single-shot to correspond to the density 

of character generation. 


Clipping Level Circuitry. This circuitry, shown in Figure 38, generates 
the clipping levels through which the read signals must pass before 
reaching the peak detectors. If the Read Threshold line is TRUE, 
approximately 45 per cent of the read signal amplitude is clipped. When 
this line is FALSE, the level is decreased so that only 25 per cent of the 
read signal amplitude is clipped. A provision has been implemented 

via the low-read-threshold remote input line so that an even lower 
threshold level (12 per cent) can be selected when reading marginal output 
tapes. The state of this line has no effect on the clipping level while 

the Read Threshold line is TRUE. 
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Read Strobe Generation, Single Gap Systems 
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KEY TO LOGIC SYMBOLS 
In tab ae ee oe Manual, primarily in this section and 


functions or integrated circuit elements. The accepted integrated 
he re 


‘ sFa Ants 
circuit manufacturer's industry 5S) 


Since DTL and TTL log 
inverting type, utili: 
OR devices. 
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Although the same device is used to implement both the NAND 
and the NOR function, the symbol is shown to correspond to the 
particular functional operation. 


The input/output lines to the device are shown for the TRUE (active) 
state of the function. A state indicator, shown as a smali circle 

at the input or output of the device, means that if that line is in 
the TRUE state, it will be at zero volts. Lack of a state indicator 
means that the TRUE state of the line is at +5 volts. The following 
symbol and explanation will serve as a clarification and example: 


D=At+B+C 
LOGIC SYMBOL LOGIC EQUATION 


Figure 41. Logic Symbol Example 


Figure 41 shows a logical NOR element that says that D will be 

at +5 volts (TRUE state) if any one, or any combination of A,B, 

or C, is at zero volts. Typically, the designation number of that 
particular chip in the assembly is shown within the symbol, and 
the corresponding chip pin numbers are shown on the lines external 
to the symbol. 


Table 3 shows all of the logic symbols used in this Manual with 


their corresponding names and logical equations. The equations 
shown are defined by the TRUE level of the input signal. 
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The single shot produced a positive going pulse at the "1" 
output and a negative going pulse at the "0" output and these 
are initiated at the time that the input pulse transitions to its 
TRUE state. 


The flip-flops are of the J-K type and their input/output functions 
are as follows: 


Designation Function 


Synchronous set input 
Synchronous reset input 
Clock input 

Direct set input 

Direct clear (or Reset) input 
Set output 

Reset output 
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The following truth tables are applicable to these devices: 


SYNCHRONOUS OPERATION ASYNCHRONOUS OPERATION 


_ BEFORE CLOCKS AFTER CLOCK 
OuTPUTS [INPUTS — OUTPUTS 
1 0 


__!NPUTS | OUTPUTS 


CD | 


[cD 
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TABLE 3 


~ SYMBOL NAME LOGICAL EQUATION 


7 7 | 
| = Dan | NEGATIVE INVERTER | B= A | 


Pp} ______|_____] 


| POSITIVE INVERTER | B= A 


> 
tO 


POSITIVE NAND GATE 


| NEGATIVE NOR GATE 


NEGATIVE 
WIRED OR GATE 


SEE 
SINGLE SHOT EXPLANATION 


| TIME DELAY NETWORK 
i 
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SECTION VI 


MAINTENANCE ON SITE 


Before any Mod 10 tape transport leaves the factory, each of 
its components has been thoroughly tested and all adjustments 
have been made to ensure reliable operation. However, in- 
judicious handling in transit or the effect of long use may 
necessitate the replacement of some parts or the readjustment 
of some components. 


Table 4 lists a basic set of maintenance tools and supplies 
required for servicing the Mod 10. As the table suggests, some 
supplies should also be available to the operator for daily or 
shift-end cleaning. 
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Nain: some of these fdneHione are the responsibility of the tape 
transport operator. Procedures for performing them have been 
specified in Section III. The remainder--preventive maintenance 
tasks that must be performed by a service engineer--are described 
in connection with the repair procedures for the subassembly to 
which they pertain. 


In the pages that follow, instructions are provided for replace- 
ments, readjustments, and trouble shooting aids that can effectively 
be made while the tape transport remains installed in the customer's 
computer system. Some tasks of repair require test equipment not 
normally available in the field, or special alignment and adjustment 
tools that are not available to field engineers. Instructions for 
repairs of this more complex kind are NOT included in this section. 


As in the preceding sections, the maintenance instructions are 
organized in terms of subassembly units. 


Viewed 


Table 4, Maintenance Tools and Supplies 


Cotton swabs ; | 
Isopropyl alcohol 


, FOR THE SERVICE ENGINEER | 


t 


Equipment Model or Type 


For 4-40, 6-32, 8-32, and 10-32 
cap screws 

For 4-40, 6-32, and 10-32 
set screws 

For 7/16-in. bolts 


Socket wrench set 


Socket wrench set 


Open-end wrench 
Long-nose pliers 
Screwdriver set 

| Screwdriver set | 

Soldering aid | 

Soldering iron 

Tape Tracking Fixture Wang P/N T-00010 


Phillips 
Standard blade 


Voltmeter Triplett Model 800 or equivalent 
Reel hub alignment fixtures Wang P/N T-00002 
Oscilloscope Tektronix 547 or equivalent 


Dual trace plug-in 

X10 scope probes (3) 
Guide shims (as required) 
Master alignment tape 
Standard-level output tape 
Scratch tape 

Pulse generator or TCU 


IBM #432640 or 432641 


Tektronix 1lA1l or equivalent 
Tektronix 

Wang P/N 200203 

IBM #461108 or 432152 
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Table 5. Suggested Schedule for Preventive Maintenance 


Interval Procedure 
(in operating hours) 


Maintenance 
Task 


Clean Head, Tape 8 Section III 
Cleaner Face, Head (Daily) 
PERFORMED | Guides, & Head 
Guide Blocks | 
Clean and Check 8 Section III 
BY Roller Guides (Daily) 
Clean and Check 8 Section III 
Capstan (Daily) 
OPERATOR 
Clean Entire Tape (Approx. 4 months) Section III 


Unit Surface 


Clean Tape . (as required) Section VI, 
Cleaner Unit par. 7.2 
PERFORMED Check Tape Tracking 2,000 Section VI, 


par. 12.3 


BY 
SERVICE | Replace Reel Motor | 9,000 
Brushes 
ENGINEER Replace Reel Motors 10,000 Section VI, 
par. 10 
Replace Capstan 10,000 Section VI, 
Drive Assembly par. 9.2 
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1.4 


CHECKING UNREGULATED POWER SUPPLY 


A eas may be made of the unregulated power supply by testing 
h . 


$$ tract nninte nernrriaAnaA than ean an Ast 


er at test points proviaea on tne transport board. 

The table below shows the voltages and corresponding test points. 
The voltages should be within +20 per cent of the nominal specified. 
(See Figure B17 for test point locations.) 


Voltage Test Point 


CIRCUIT BREAKER RESET 


In the event of malfunction, an automatic circuit breaker prevents 
damage to the tape transport. The circuit breaker reset button is 
located adjacent to the power switch on the power supply chassis. 
The circuit breaker button will be in the OUT position after an 
automatic circuit break has occurred. Pushing in the button re- 
makes the circuit. 


FUSES 


Five fuses, in the unregulated power supply lines, are located on 
the power supply subassembly. Fl is a5 amp fuse in the +19 volt 
line. F2 is a 10 amp fuse in the -19 volt line. F3 is a 10 amp fuse 
in the +13 volt line supplying all loads except the +5 volt regulator. 
F4 is a 4 amp fuse in the +13 volt line supplying current to only the 
+5 volt regulator. F5 is a 10 amp fuse in the -13 volt line. All 
fuses are fast-blow types. 


TRANSFORMER TAPS 


The Mod 10 tape transport can accept power from sources of varying 
voltage, depending on the power transformer primary terminal con- 
nection chosen. Figure 42 shows the color coding of the transformer 
primary wires attached to the terminal strip TB] under the power 
supply chassis. 
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Figure 42. Mod 10 Power Transformer Lead Identification 
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For example, parallel connection to standard 115V power (plus 

or minus 10 per cent) is made by connecting the gray and yellow 
wires to one Side of the line voltage and the blue and red wires 

to the other side. Series connection to a 220V power source is 
made by connecting the violet wire to one Side of the line voitage, 
connecting the blue to the orange wire on the terminal strip, and 
connecting the red wire to the other Side of the line. Unused wires 
should be left attached to the terminal strip. 


OPENING OF POWER SUPPLY ASSEMBLY 


The opening of the power supply is necessary when trouble shooting 
and component replacement is required in this area. It is also re- 
quired when it is desired to access TBl to change power transformer 
taps. The following procedure shall be used: 


1 Turn power off of the unit with the toggle switch on 
the power supply and disconnect the power cord from 
the wall, 


2. Swing out the transport. 

Re Remove the 4 Phillips screws fastening the assembly 
to the deck. These screws are shown flagged in the 
photograph of Figure 43, 

4, Swing assembly open. 


TRANSPORT MODULE REPLACEMENT 


The transport module which houses all the servo and control logic 
electronics can be removed by following the steps below: 


l. Turn power off of the unit with the toggle switch 
on the power supply and disconnect the power cord 
from the wall. 


Ze Remove all the connectors from the module using care 
to avoid damaging connector pins on the module. 


3% Swing open power supply assembly as described in 
subsection 2, 


4, Remove the 3 screws on the heatsink fastening the 
module to the deck. These screws are shown in the 
photograph of Figure 44, Be sure to support the assembly 
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How To Open Power Supply 


Figure 43, 
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(_JTRANSPORT ELECTRONICS PWB ASSY. 
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Figure 44. Transport Circuit Module Reniovai 
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After installation of the new module, perform the 
transport module adjustments described in sub- 
section 15. 


a DATA ELECTRONICS MODULE REPLACEMENT 


The Data Electronics module which houses all of the record and 
read electronics can be removed by following the steps below: 


be 


dr 


Turn main power off either at the control panel 
or the power supply. 


Remove connectors P3 and P4, 


Remove the Winchester head cable connectors 

from the module. IMPORTANT - use an appropriate 
size screwdriver on the jackscrew fasteners. Loosen 
the connectors evenly, alternating turns on each 
screw. Attempting to loosen one side ata time will 
cause the connectors to bind and possibly bend the 
pins. Use of fingers instead of a screwdriver risks 
the possibility of breaking wires on the connectors. 


While supporting the module to prevent damage, remove 
the 4 Phillips screws, holding the module mounting 
brackets to the deck. The location of the bracket 
screws are shown in the photograph of Figure 45, 


After replacement of the new module, perform the 
adjustments described in the appropriate data elec-. 
tronics alignment subsection. 


De OCP SWITCH REPLACEMENT 


The operator's control panel pushbutton switches and indicators are 
sealed assemblies. If either the switch or the indicator fails, the 
whole sealed assembly must be replaced. (See the photograph in 
Figure 46.) 


Ly 


Put the utility power switch at the back of the 
transport chassis in the OFF position. 
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Figure 45. 
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Data Module Removal 
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Figure 46. Control Panel Switch Removal 
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6.1 


Zn Grasp the pushbutton at either side and pull it 
directly away from the deck, rocking it gently 
from side to side, using care that the attached 
wires are not damaged. 


ce Note the position of the push-on lugs before 
removing them from their terminals. 
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switch in the noted positions. 


5% Push the switch firmly into position. 
ARM SENSE LAMP AND CELL REPLACEMENT 


LAMP REPLACEMENT 


The lamp and holder assembly is a plug-in unit. 

To replace the lamp disconnect holder from module. 
If the assembly is not the plug-in type, unsolder 

the lamp lead joints at top of shroud and break 
glyptol to free lamp. Solder and glyptol leads of 
new lamp. Perform the adjustments of section VI-14. 


CELL REPLACEMENT 


It is required to remove the arm sense module in order to 
replace the photocell. The following steps specify the 


. 
aAmhaninanr Sn h-a ae t  o awe arn mses ls 
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1. Loosen the Allen screw on the collet clamp and 
rotate the cam and clamp assembly until it is 
free of the shaft. 


Zi Cut the cable harness tie wraps to separate the 
cable from the rest of the harness. 


oe Remove the three Phillips screws securing the 
module to the main frame. 


4. Remove the connector at the end of the module 
cable located on the transport module. This will 


be P12 for the file side or P13 for the fixed side. 


De Perform the arm sense module adjustments in sub- 
section 14 after replacement is completed. 
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HEAD ASSEMBLY REPLACEMENT 


Read/Write head assemblies may be removed and replaced in 
the field by using the following procedure. 


CAUTION: SYSTEM POWER MUST BE TURNED OFF 
PRIOR TO DISCONNECTING OR CONNECTING 
THE HEAD ASSEMBLY. 


Ls Remove the head connectors from the data 
electronics module located at the rear of the 
machine using an appropriate size slot screw- 
driver. Do not use fingers for this purpose so 
that the possibility of damaging connector wires 
is eliminated. 


ora Remove both pieces of head cover and remove the 
three large Allen screws fastening the head plate 
assembly to the deck. These screws are shown 
in the photograph of Figure 47, 


3% Since it is not desirable to replace the photosense 
assembly due to its cable dressing configuration, 

disconnect this subassembly from the baseplate by 
removing the two Phillips screws at the rear of the 


plate. 
4. Remove head assembly. 
5% Following the procedure in reverse, install the new 


head assembly. 


6. Perform the tape tracking check described in Section 12.3. 
ie Perform the data electronics alignments described in 
Section 16 for dual gap heads or Section 17 for single 
gap heads. 


REPLACING THE PHOTOSENSE UNIT 
The EOT/BOT photosense unit is a sealed component. If either 


lamp or photocell fails, the unit must be replaced in its entirety, 
as follows: 
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3% HEAD ASSEMBLY MOUNTING SCREWS. 


Figure 47, Head Assembly Removal 
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Perform step Zz of paragraph 7. 


Remove both screws holding photosense unit to 
read/write head assembly base plate, and move 


Nes wre 


it to rear of deck. Cut mace cable he arness so that 


Replace photosense unit and reinstall read/write 
head assembiy. Adjust R215 as described in 
paragraph 15.1 to ensure proper operation of the 
photosense unit. 


CLEANING THE TAPE CLEANER 


A jet of air directed into the perforations of the tape cleaner 
face will force the accumulation of particles through a vent 
hole provided on the back of the tape cleaner. 


Ls 


os 
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Remove read/write head assembly covers (both sides). 


Shield read/write head by inserting a piece of paper 
or cloth between the tape cleaner and the head. 


Blow into the face of the cleaner. 
Clean the tape cleaner, magnetic head, and base 
plate according to regular maintenance instruc- 


tions (Section III). 


Replace head covers. 


If necessary, the tape cleaner can be removed from the head 
assembly so that a more forceful air jet can be applied. It is 
suggested, however, that frequent gentle cleaning is preferable 
to infrequent forceful cleaning. 
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Remove read/write head assembly covers. 


Remove the screw holding the tape cleaner to the 
assembly base plate, and remove tape cleaner. 


Clean by forcing air through the face perforations. 
Replace tape cleaner and tighten screw. (Action of 
the roll pin in conjunction with the screw will correctly 


reposition the tape cleaner.) 


Replace head covers. 
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8. DECK OVERLAY REMOVAL 
Removal and replacement of many components requires the 
removal of the deck overlay. The following procedures must 


be followed: 


REMOVAL OF FIXED REEL 
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For fixed reel hub assemblies whose configuration 
does not have three screws on the hub cover, in- 

sert a flat blade screwdriver behind the chamfered 
edge of the hub cover and pry it up; this releases 

the three spring clips holding the cover in place. 

(See Figure 48.) Remove the three screws holding 
the reel in place and remove the reel. 


Zs For assemblies whose configuration have the three 
screws through the cover, ignore step 1 and remove 
these screws holding the reel in place. Remove reel. 


8.2 REMOVAL OF FIXED GUIDE POST ASSEMBLIES 


CAUTION: Identify the top and bottom assemblies prior to removal 
in order to return them to their correct location upon re-assembly. 


l. Remove each guide post by unscrewing two Phillips 
screws accessible from the rear of the deck. Under 
no circumstances should the small set screw that 
holds the roller guide assembly be removed. Removal 
of this screw destroys an adiusted setting and 
necessitates laboratory or factory re-tracking. 


8.3 REMOVAL OF OVERLAY 


io Remove covers from the read/write head assembly 
by pulling in the direction perpendicular to the head 
plate. 


2 Loosen, but do not remove, the four overlay screws 
accessible from the rear of the machine. These 
screws are shown marked by arrows in the photograph 
of Figure 49, 


3% Support the overlay prior to total removal of the screws 
to eliminate the falling hence possible damage to it. 


4, Lift off overlay. 
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DECK OVERLAY MOUNTING SCREWS 
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x Overlay Removal 
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CAPSTAN AND CAPSTAN MOTOR REPLACEMENT 


CAPSTAN ONLY 


nm 
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by the flats ete Note the pi cenaniaas of the capstan before 
removing it, and ensure that it is replaced in the same position. 
Capstan speed adjustments are specified in a later section. 


CAPSTAN DRIVE ASSEMBLY 


Replacement of the entire capstan drive assembly (capstan and 
capstan motor) should be done in accordance with the following 
procedure: 


1. Remove capstan (see 9.1). 


2. Remove motor and tachometer leads at terminal 
board at rear. 


3. Remove four screws holding motor to transport 
deck. 


4, Replace capstan drive assembly. 
5. Replace capstan (see 9.1). 


6. Perform the adjustments for speed and start/stop 
ramps as described in subsections 15.2.2 - 15.2.4. 


CALCULATING CAPSTAN SPEED ERROR 


The 50/60 Hz strobe disc is inserted into each capstan. The inner 
strobe is for 60 Hz and is marked such. It is to be viewed with the 
corresponding AC light (such as fluorescent). The 50 Hz disc operates 
with a 100 Hz source whereas the 60 Hz disc requires 120 Hz source. 
The disc image will appear stationary at 12.5, 25 and 37.5 ips 
only. The error from nominal for the mentioned speeds is: 


Tx V 
where V is nominal speed in ips, and T is the time in seconds for the 
image to drift one revolution. If the error exceeds 1% re-adjust speed 


per section VI-15.2. 
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REEL MOTOR REPLACEMENT 


The preventive maintenance schedule (Table 5) suggests that 
reel motors be replaced after 10,000 hours of operation. Re- 
placement is as foliows: 


: Remove overlay. 


Zz. Remove hub of motor to be replaced (two set screws). 
NOTE: if WCP fixture # P/N T-00002 is not available, 
measure and record the distance from the reference 
boss to the hub outer flange prior to removal. 


ce Remove motor leads at terminal board at rear. 
4. Remove four screws holding motor to transport deck. 
Js Screw new motor into place. 


6. Replace motor hub using reel hub alignment fixture, 
which sets the position of the outer flange toa 
distance 0.727 inch above the adjacent reference 
boss. If fixture is not available, re-position the 
hub to the distance measured in step 2. Tighten the two 
set screws against the flats on the motor shaft. 


7. Replace overlay. 
GUIDE ROLLER BEARING REPLACEMENT 


Roller guide bearings, with the exception of those on the file 
reel swing arm guide, which control tape motion to the head, 
can be replaced whithout destroying preset tracking adjustment 
if appropriate care is exercised. (See Figures 50-A & B.) 


q-, Note the position of the guide roller with respect 
to its shaft. (The roller guide must be replaced with 
the same flange nearest the overlay panel that it 
originally occupied.) 


Ze Remove retaining ring at the shaft end and remove the 
guide roller. 


3 Insert new bearing(s). 
4. Replace guide roller. 
os Replace retaining ring. 
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Figure 50. 


Guide Bearing Replacement 


(B) Self Aligning Guide 
200425 


Description 


Ring, Retaining Ext. 
Washer, Shim 
Bearing, Roller 
Drum 

Spring 

Shaft 

Ring, Retaining Ext. 
Washer, Shim - 
Bearing, Roller 


| Drum 


Sleeve, Pin Retaining 
Sleeve, Bearing 

Pin 

Spring 

Shaft 

Screw, Button Hd 2-56 x 3/16 
Washer, Belleville 

Sleeve, Bearing 


| Shaft 


' 
(C) Fixed Eccentric Guide 
200810 


WCP Part No. 


100132-001 
200077-001 
100006-001 
200023 
200156 
200037 
100132-002 
200077-003 
100006-002 
200419 
200423 
200420 
200422 
200421 
200418 
100039-903 
100256 
200752 
200766 


Replacement of the file reel swing arm roller guide bearings 
requires that the guide be re-set as described in paragraph 12.1.1. 
The bearings are changed by removing the locking screw and 
withdrawing the eccentric guide assembly from the shaft. 

(See Figure 50-C.) 


TAPE TRACKING ALIGNMENT 


Tape tracking is the mechanical adjustment of elements in the 
tape path which contribute to the static and dynamic skew of the 
tape over the read/write head. Also the proper alignment of the 
tape edges between the file and fixed reels consistent with 
proper tape handling (i.e., without damaging the tape.) If re- 
tracking is found to be required, it is necessary to afterwards 
re-check the Read Stack Azimuth alignment per the procedure 
described in sections 16.7 or 17.4. 


Forward tape tracking is controlled by guiding elements between 
the file reel and the capstan. Reverse tape tracking is controlled 
by guiding elements between the fixed reel and the capstan (see 
Figure 51). 


The following tracking procedure assumes that there is no gross 
misalignment of guiding elements which would cause tape edge 
damage. Initially all roller guides are set such that the inner 
guiding edge is .837 inch from the transport component mounting 
surface. 


FORWARD TAPE TRACKING 


. + INasstAa 
File Reel Swing Arm Roller Guide 


Basic mechanical alignment of this guide is simplified through 
the use of a special tool, WCP # T-00010, the use of which 
is illustrated in Figure 52. Alignment is as follows: 


Ps Remove the overlay (see subsection 8 for procedure). 

2 Fasten the alignment tool to the head guides making 
sure the outer surface of the tool is against the fixed 
guide outer edges, with all shims removed from head guides. 

oe Adjust the position of the swing arm at the supporting 


shaft (#8 screw) such that the roller guide trough mates 
with the alignment tool. 
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Figure 51. Tape Guide Diagram 
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4. Adjust the tilt of the roller guide such that the 
width of the drum is parallel to the alignment 
tool. This is accomplished by slackening the 
roller guide locking screw 1/2 turn and rotating 
the eccentric guide by means of the hexagon. 
(See Figure 53.) For the purpose of this adjust- 
ment the drum should be presented to the alignment 
tool by pressing against the roller guide as this 


Let ee: ee ay of <a 


simulates the effect of tape tension on the arm. 


o. Shims should be replaced as required under 
Paragraph 16.7 or 17.4. 


File Reel Fixed Roller Guide 


This guide must be aligned to the swing arm roller guide. This 
may be done visually by rotating the file reel counterclockwise 
against the servo, using old tape, under tape tension, until the 
file reel swing arm reaches a point where the tape disengages the 
file reel fixed roller guide (see Figure $4). At this point any mis- 
alignment between the rollers is seen as a curling or scuffing of 
the tape edge against one of the file reel fixed guide flanges. 
This may be corrected by adjusting the file reel fixed guide, using 
the screw at the side of the guide support for this purpose. 


REVERSE TAPE TRACKING 


Reverse Tracking Roller Guide 


Ls Remove the reverse tracking roller guide by means 
of the screw at the side of the guide support. 


ae Run the tape forward and observe the lateral position 
of the tape on the capstan. Now run in reverse and 
see that there is no "tape walk". 


< If this condition is observed, adjust the position of 
the fixed reel swing arm at its pivot (#8 screw) and 
align the adjacent fixed roller guide to the swing arm 
roller guide. The procedure is the same as that for 
the file reel fixed guide. Capstan "tape walk" between 
forward and reverse should not be greater than .01 inch 
with the reverse tracking guide removed. 


4. Replace the reverse tracking guide and adjust the 
forward/reverse “tape walk" as close to zero as 


possible by means of this guide only. 


5 Now that all the alignments are complete, check the 
results by following the procedure in the next section. 


VI - 25 


HEXAGON FOR 
ECCENTRIC TILT 
ADJUSTMENT 


Figure 53. Tilt Adjustment - File Reel Arm Guide 
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Figure 54. File Reel Fixed Guide Adjustment 
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CHECKING TAPE TRACKING 


This procedure provides an electrical check to verify that tape 

is tracking in the reverse direction within acceptable limits with 
respect to the forward direction. The procedure compares the 
time displacements of the analog signal peaks of the two outside 
channels while running tape forward with the time displacement of 
those peaks while running tape in reverse. If the transport is 
perfectly tracked, the time displacements in both directions will 


be the same, but the phase relationship between the two peaks 


————— 


~~ SS woo 


will be opposite. Since the accuracy of tape tracking is directly 
dependent upon mechanical alignments and mechanical tolerance 
build-ups, perfect tracking is usually not achieved; however, 
limits are established that will guarantee reliable operation in 
both directions. 


Equipment required includes an oscilloscope, a dual trace plug- 
in, and three 10X probes (see Table 4); also required is a scratch- 
pad tape having all ones recorded on the outside channels. 
Procedural steps are as follows: 


Lis 


(os) 
e 


Scope controls: 
a) Mode--Chop, AC. 


b) Sensitivity--as required to get good resolution 
of the peak time displacement. 


Cc) Trigger--External (+), AC, trigger mode. 


a) Sweeptime--5 sec/cm. 

Place Channel 1 scope probe and trigger probe on the 

test point corresponding to the head edge track located fy, / 
closest to the transport. This test point is 602 f 

nine-channel systems and 102 for seven-channel systems. 


Place Channel 2 probe on the test point corresponding 
to the channel farthest from the transport. This test 
point is 702 for nine-channel systems and 902 for seven- 


channel systems. yr, ree Le 


Load the scratch-pad tape and run tape in the forward 
direction under manual control. Record T, (usec). Run 

tape in the reverse direction and record To. (See Figure 55). 
Since the read head azimuth angle can be in either 
direction, the actual phase relation between the reference 
channel and the other outside channel may be opposite to 
that depicted in Figure 55. 
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as The value of Tj should be related to T T, by the 
following equation: 


where V represents the transport speed. If this 
condition is not met, then either there is tape walk 
on the capstan, or the file reel swing arm guide is 
improperly set. Retrack the unit per the procedure 
described in subsection 12.1 and 12.2 
See eee REE ESA EER 
EPR SUS EReES 
ites 
| 


ee 
HEN Ht Ann ft Le 


ie scl 

Mm ITN VV) ce 
A A NN // 
FIENNES SP 


Figure 55. Checking Tape Tracking, Desired Waveform 


REGULATED POWER SUPPLY ADJUSTMENTS 


Three potentiometer adjustments are required to adjust the power 
supply regulators to the proper operating voltage levels. These 
potentiometers are located on the regulator subassembly module 
(See Figure B6). A voltmeter having an accuracy of at least 2 per 
cent should be used to make the adjustments. Each adjustment 
should be made according to the following table: 


Adjust By Connect Meter 
Voltage Potentiometer Between 
To: Test Points 


+ 5 Volts TP1(+) & TP4(-) 


+12 Volts TP2(+) & TP4(-) 


-12 Volts TP3(-) & TP4(+) 


Viewed 


a 
Ray 


14.1 


14.2 


Correct adjustment of the arm sense module position, cam position, 
and two potentiometers is necessary to ensure the correct operation 
of each servo swing arm. The adjustments must be made in the 
order in which they are specified below. (Either arm may be ad- 
justed first.) 


The power must be ON and the transport must be RESET at the 
control panel before starting the adjustment procedure. No tape 
should be loaded on the machine. 


PIXED REEL ADJUSTMENTS 


‘L: Mechanically position the swing arm in the center 
of its normal operating arc and verify that the center 
of the cam arc lines up with the photocell and lamp 
housing. If the cam is improperly positioned, re- 
position cam as specified in subsection 6. 


2% Connect a voltmeter between test point 424 and 
ground on the transport board. (See Figure B23.) 


os Loosen the three screws that secure the arm sense 
module to the main frame and adjust the position of 
the module on the slotted holes until the voltmeter 
reads 0 +0.2 volts. Tighten the three mounting screws 
locking the assembly in place. 


4. Adjust the fixed reel servo gain potentiometer R46Z and 
the swing arm position potentiometer R465 as outlined 
in subsection 15.3. 
FILE REEL ADJUSTMENTS 
ie Perform Step 1 in 14.1 above. 


2. Connect a voltmeter between test point 425 and ground 
on the transport board. (See Figure B23.) 


‘ Perform Step 3 in 14.1 above. 
4. Adjust the file reel servo gain potentiometer R503 and 


the swing arm position potentiometer R508 as outlined 
in subsection 15.3. 
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TRANSPORT MODULE ADJUSTMENTS 
EOT/BOT PHOTOSENSE ADJUSTMENT 


1. Connect a voltmeter between test point 201 
and ground. (Reference Figure B23.) 


2. Adjust potentiometer R215 so that the voltmeter 
reads 0.0V + 0.15V while tape is loaded on the 
transport but neither photosense tab is being sensed. 


CAPSTAN SERVO ADJUSTMENT 


Five adjustments are required to ensure correct operation 
of the capstan drive. The order in which these adjustments 
are given below must be carefully followed since there is 
interrelationship between some adjustments. Adjustments 
should be performed with tape loaded on the transport. 

Ramp adjustments require that the transport be under 
program control so that the tape repeatedly starts and 
stops. (See Figure B23 for potentiometer and test point 
locations. ) 


Offset 
1. Press RESET pushbutton. 


2. Connect a voltmeter between test point 408 and 
ground. 


3. Adjust potentiometer R438 for zero volts, +100 mv. 


Forward Motor Speed 


The strobe disc is mounted on the front of the capstan and 
has two patterns. The inner pattern is used for 60 Hz 
units and the outer pattern is used for 50 Hz units. 


1. For standard speed units (see VI-9.3) containing a 
strobe disc, while running the unit in the forward 
direction under manual control, adjust R415 until 
the strobe pattern appears stationary. 


2. For all other speed units, using an IBM skew tape, 
adjust the potentiometer for a pulse repetition 
period shown below. This will be observed at TP3 
(D/G module) or TP5 (S/G module). 


P= 428 usec 


where S is machine speed. 
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Reverse Motor Speed 


1. Repeat the procedure of step 1 while running in 
reverse uSing potentiometer R4l1l. 


2. Duplicate the procedure of step 2 while running in 
reverse using potentiometer R4ll. 


Start/Stop Ramp Time 


The start/stop ramp times can be properly adjusted only 
after the forward-reverse speeds have been set up. Only 
the forward and reverse stop ramps will be adjusted since 
adjusting the stop ramp for one direction also adjusts the 
start ramp for the opposite direction. The ramps will be 
observed at the capstan tachometer output. 


Forward Stop Ramp Time: 
1. Initiate a start/stop forward motion program. 


2. Trigger oscilloscope sweep on external negative 
at the Motion test point 204 and observe tach 
signal of TP406. In order to maintain a clean 
tach signal, pick up scope probe ground on TP403. 
Use sufficient vertical sensitivity on scope to 
cleanly measure where the signal reaches the 
zero axis. 


3. Adjust potentiometer R423 so that the time for the 
tach signal to reach zero output is as follows: 


P= = milliseconds 


where T is the stop ramp in milliseconds and S is 
the operating speed of the transport in ips (see 
Figure 56). For example, a 25 ips transport would 
have a stop ramp time as follows: 


#1940 
25 


= 13.5 milliseconds 
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Figure 56. Stop Ramp Time 


Reverse Stop Ramp Time: 


1. Initiate a start/stop reverse motion program. 


2 Using the same procedure as outlined in step 2 of the 
Forward Stop Ramp Time paragraph above, adjust 
potentiometer R426 for the same stop ramp time estab- 


lished in step 3 of the procedure. 


REEL SERVO ADJUSTMENTS 


Two potentiometer adjustments are required in each reel servo to 
provide proper servo gain and swing arm operating position. 
adjustments vary depending upon the transport operating speed 
and are specified below. 
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15.3.1 Gain 


13 Mark off four inches of arc along the path traveled 
by the swing arm tip. 


Zs Connect an oscilloscope to the servo amplifier 
output test point 418 for file reel or test point 


410 for the fixed reel. (Reference Figure B23.) 


35 With tape loaded and holding tension, move the 
tip of the swing arm back and forth between the 
end points of the four-inch arc marked off in 
step 1. (This can be most easily accomplished 
by moving the reel back and forth by hand rather 
than the swing arm.) 


4. Adjust the gain potentiometer so that the four-inch 
arm movement in step 3 produces a total voltage 
change on the oscilloscope as specified below. 
Potentiometer R503 adjusts the file reel servo gain 
and R462 the fixed reel servo gain. 


a) For 45 ips machines adjust for a total 
voltage change of 6.0 volts. 


b) For 37.5 ips machines adjust for a total 
voltage change of 5.0 volts. 


c) For 25 ips and slower machines adjust for 
a total voltage change of 3.5 volts. 


Be ers Swing Arm Position 


The swing arm position must be adjusted with tape loaded and 
the machine operating at the proper speed. Both file and fixed 
reel arm positions must be adjusted with minimum pack (less 
than 1/16-inch of tape on reels). The file reel arm position is 
adjusted by potentiometer R508 while running forward and the 
fixed reel arm position is adjusted by R465 while running in 
reverse. The correct operating arm positions for each speed 
machine is as follows: 
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45 and 37.5 ips machines should have the swing 
arm adjusted so that the center of the outermost 
roller guide on the swing arm is 3/16 of an inch 


ee 


above {measured vertically) the top edge of the 
fixed roller guide support bracket. 


25 ips and slower machines should have the swing 

arm position adjusted according to the table below. 

The distances given in the table are measured vertically 
from the center of the swing arm roller guide to the top 
edge of the fixed roller guide support bracket. 


Machine Swing Arm Position Above 
Speed Fixed Guide Bracket 


25 ips 1/2 inch 


18.75 ips 1.0 inch 


12.5 ips 1-1/2 inches 


1-1/2 inches 


10 ips 
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16.1 


DATA ELECTRONICS DUAL GAP SYSTEMS ADJUSTMENTS 


ADJUSTMENT SEQUENCE 


All alignments are made at the factory prior to shipment of equip- 
ment. Verify alignments if either subassembly has been replaced, 
or if data electronics or heads seem to malfunction. Before per- 
forming the adjustments, verify that the scope probes, plug-in 
unit, and time base are calibrated. 


All potentiometer and test point locations are identified by a silk- 
screened designator adjacent to the component on the module. (See 
FigureB32 for the physical board location of test points and adjustments.) 


WARNING: SYSTEM POWER MUST BE TURNED OFF 
BEFORE DISCONNECTING OR CONNECTING 
EITHER THE DATA ELECTRONICS MODULE 
OR THE HEAD ASSEMBLY. 
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Tape transport and power supply adjustments must be verified before 
performing the data electronics adjustments. Because of the inter- 
relationship among the circuits, the adjustments must be made in 


tha fallowing sequence: 
a ed Se NS aN TY weeny wey ew ee 


ht 
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litter quiescent level adiustment 


2% Read amplifier gain adjustment 
3. Crossfeed shield 
4. Read strobe delay adjustment 
De Read stack azimuth measurement and correction 
6. Write stack deskew 
a) Read stack profile measurement 
b) Write deskew single-shot adjustment 
T Verification--staircase measurement. 
PHASE SPLITTER QUIESCENT LEVEL 
The following prescribes the adjustment procedure for nine-channel 
tape transports. The levels at test points 202 and 302 need not be 
correct for seven-channel systems. 
T Scope controls: 
a) Mode--Channel 1; DC. 
b) Sensitivity--0.05 V/cm. 
c) Trigger--Internal, automatic stability. 
be Connect Channel 1 probe to test point 102. 


3. Without running tape, adjust potentiometer R27 until 
+ 1,0 VDC is observed at test point 102. 
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4. Scan test points 202 to 902 to ensure that the quiescent 
point of aii the phase splitters falis within +1.0+0.3 VDC 


5 If this condition cannot be attained, readjust R27 until the 


READ AMPLIFIER GAIN 
The following prescribes the adjustment procedure for nine-channel 
tape transports. For seven-channel systems, set R218 and R318 fuliy 
counterclockwise. 

io Scope controls: 


a) Mode--Channel 1; AC. 
b) Sensitivity--0.2 V/cm. 
c) Trigger--Internal, automatic stability. 

Ze Load Standard Level Output Tape on the transport and 
set the tape controller for a continuous write mode at 
a frequency corresponding to 800 cpi and ones written 
on all channels. 

3% Connect Channel 1 scope probe to test point 102 and run 
tape forward. Adjust R118 so that the analog signal has 


a 12-volt peak to peak amplitude. (See Figure 57.) 


4. Repeat for all channels. See Table 6 for correct 
potentiometers and test points. 


| 
ecniee | 
nef 


Li oa 
eT nn CO 
TT 


cs ie 
le rv 


l2V 
AT TP 102 


! 
i 


RGReE RRS 


Figure 57, Read Amplifier Gain Adjustment, Dual Gap Systems 
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Table 6. Data Electronics Adjustment Points - Dual Gap Systems 


Alignment Section 


TP-202 R-218 TP-203 R-204 Not used in 
7-Channel systems. 
8 Not used in 


7-Channel systems. 
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CROSSFEED SHIELD 


This is a mechanical alignment on the head gate assembly necessary 
to minimize the write-to-read crossfeed signal. If the complete head 
assembly has been replaced, proceed starting with Step 1. If only 
the crossfeed shield has been replaced, or if only a check is being 
performed, skip Step 1. 


i Turn all write deskew single-shot potentiometers 
(R104 to R904) so that all nine head drivers switch 
simultaneously. This can be observed by scoping 
test points 101 to 901. 


ae Place Channel 1 scope probe on test point 602 and 
Channel 2 scope probe on test point 702. If this is 
a seven-channel system, place Channel 1 scope probe 
on 102 and Channel 2 scope probe on 902. With scope 
plug-in mode on alternate, set both scope channel 
vertical gains to 0.01 V/cm. 


c? Remove tape from capstan so that the tape will not 
move when a run command is given. This is to be 
done by threading the tape, such as to wrap the guide 
adjacent to the capstan, onto the fixed reel swing arm. 
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4. Set the tape controller unit for a continuous write 
mode, all ones on all channels. Run transport and 
observe crossfeed on the two edge channels. If the 
peak to peak amplitude of the crossfeed is less than 
the following, no adjustment is required. 


Null Voltage (MV - P-P) Speed (IPS) 


750 10 

600 12.5 

500 18.75 

400 25 and above 


See Figure 59 for typical head gate wave forms. 


Ds If the amplitude is greater than the voltage resulting 
from the table in item 4, loosen the two head gate 
screws and reposition the gate by moving it in the 
plane shown in Figure 58 until a null voltage is reached. 
The edge of the ferrite should be approximately opposite 
the Write gap. Be sure that the shield housing is resting 
on the head block at front and back. 


x0 READ STROBE DELAY 
Ty Scope controls: 
a) Mode--Channel 1, DC. 


b) Sensitivity--0.1 V/cm. 


c) Trigger--Internal (+) trigger mode. 
Zé Connect Channel 1 scope probe to test point 3. 
Sis Verify that the transport is selected for high 


density operation and write all ones as des- 
cribed in paragraph 16.4, step 2. 


4. A positive pulse will be observed at test point 3. 
See Figure 60. Adjust R49 for a pulse width of 
approximately one-half frame time. At 25 ips this 
should be 25 nsec. A frame time is defined 
as 1, where V is the transport velocity 


and’ p is the operating data density. 
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Figure 58. Head Gate Adjustment, Dual Gap Systems 
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Pigure 59, Head Gate Adjustment Waveforms, Dual Gap Systems 
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Figure 60. Read Strobe Delay Adjustment, Dual Gap Systems 


READ STACK AZIMUTH MEASUREMENT AND CORRECTION 


This adjustment is required only when the read/write head assembly 
has been replaced. Its purpose is to ensure that the read stack is 
perpendicular to the tape path. This is a mechanical adjustment 

and is accomplished by shimming either (but only one) of the two 
guides mounted on the head assembly base plate. The shims are 
mounted by removing the guide, inserting a shim on the guide shaft, 
and re-assembling the guide on the base plate. The shims are 0.0002 
inch thick and one shim will correct for 15 micro-inches of skew. 


Le Scope controls: 
a) Mode--Chop. 
b) Sensitivity--0.2 V/cm, DC, both channels. 
c) Trigger--External (+) AC trigger mode. 
d) Sweeptime--Sufficient resolution so that the 


positive-going edges of each trace can be 
accurately measured. 
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Zs Place Channel 1 scope probe and trigger probe on the test 
point corresponding to the head edge track located closest 
to the transport. This test point is 603 for nine-channel 
systems and 103 for seven-channel systems. 


3% Place Channel 2 probe on the test point corresponding to 
the channel farthest from the transport. This test point 
is 703 for nine-channel systems and 903 for seven-channel 
systems. 4 


4. Load a master skew alignment tape, making sure that the 
write enable ring is removed. Place the tape controller 
unit in a read mode and observe the time displacement 
between leading edges (see Figure 61). If the time dis- 
placement corresponds to a distance less than 25 micro- 
inches (1 usec at 25 ips), no shimming is required: 


Distance (winch) = Velocity (ips) X Time (usec). 


If the time displacement corresponds to a distance greater 
than 25 micro-inches, the guide on the file reel side of 
the head assembly must be shimmed. The number of shims 
can be calculated as follows , where N represents the 
number of shims: 


N= (Tape Speed) (mel 


a REFERENCE CHANNEL 
STE TI 


eT 


TIME DISPLACEMENT (usec) BETWEEN 
OUTSIDE CHANNELS 


Figure 6], Head Stack Shimming, Dual Gap Systems 
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Time Displacement for Speed Indicated (usec) 


25 ips | 37.5 ips 45 ips 


12.5 ips 


] | 0.7-1.8 |0.4-0.9]0.3-0.6 10.2-0.5 

2 eee ee eee 9-6 - 0.9 | 
| 3 | Se 4 eG So ee Ee ee 

4 | 4.3-5.4 | 2.2-2.711.5-1.8 }1.3-1.5 | 
| 5 5.5 -6.6 | 2.8-3.3]/1.9-2.2 |1.6-1.8 | 

6 6.7-7.8 |3.4-3.912.3-2.6 }1.9-2.2 | 

7 7.9-9.0 | 4.0-4.5]2.7-3.0 ]2.3-2.5 

8 9.11020 14,65 5.4 13.43 3.4- 12.64 oe 


Shim Table for Standard Tape Speeds 


If the leading edge of the trace being triggered is 
seen but not that of the other channel, place the 
scope trigger probe on the opposite channel and 
observe the time displacement between pulse leading 
edges. In this case, the tape guide on the capstan 
side of the head assembly must be shimmed according 
to the instructions in step 4. 


wn 
e 


6. After the guide is shimmed, verify that the time 
displacement between the outside channels corres- 
ponds to a distance less than 25 microinches. 


Vie Measure and record the static data staircase using 
the master skew tape utilizing the method described 
in subsection 16.8. This data will later be used to 
compare with the results of that section. 


16.7 _ WRITE STACK DESKEW 


The method used to ensure proper Write head deskewing is first to 
plot the read stack gap scatter in the forward direction, referencing 
each track to the leading track, and using an IBM Master Skew Tape. 
Then the gap scatter plot is duplicated while writing all ones on 
a scratch-pad tape by adjusting the potentiometers of the Write 
Deskew single shots. 


16.7.1 Read Head Stack Profile 
The method used to measure and record the gap scatter is first to 


locate the leading track and then to measure the time displacement 
of each of the other tracks with respect to this track. 
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16:7. 1k How to Locate the Leading Track: 


The. leading track will be located by comparing all the tracks 

to each other in the method described below. The digital data 
compared, will be only that which corresponds to the negative 
peaks of the analog signals observed at TP102 - TP902. By 
taking this precaution, error due to the effect of the pulse pairing 
phenomenon is eliminated. 

] Sc Contr 


a) Mode--Chop 
b) Sensitivity--0.2 V/cm, DC, both channels 


c) Trigger--External (+) AC mode connected to 
CH1 Trigger out jack. 


2% Using the IBM Skew Tape, run the transport in the 
forward direction in the ON-LINE mode. 


3. Set Channel 1 scope probe on TP103 and the Channel 2 
probe on TP102. Set the scope sweeptime at 1 »sec/cm. 
One of the patterns shown in Figure 62 will be observed 
on the screen: 


Figure 62. Triggering Method 


4, If the display of Figure 62-A is observed, proceed to 
step 5, since this indicates that correct triggering of 
alternate bits generated by the negative analog signal 
peaks has been achieved. 


a) If the display of Figure 62-B is observed, 
triggering is on alternate bits but created 
by the wrong polarity analog signal peak. 
To correct the triggering, lift and re-apply 
Channel 1 probe to TP103. Normally, after 
One or two tries, triggering will switch to 
the correct polarity. 
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Move 


Db): * 


If the dispiay of Figure 62-C is observed, 
triggering again is incorrect because it is 
occurring on every bit. To correct this 


a i 
condition, change to a faster or slower scope 


sweep speed. 


Once the display of Figure 62-A is obtained, 

do not change the sweep speed for the re- 
mainder of the procedure. If greater sweep - 
speed resolution is required, use the Horizontal 
Magnifier. Correct triggering will be main- 
tained as long as the trigger probe is not moved 
to another point or if the tape does not change 


direction. 
Channel 2 probe to TP203. 


If it is observed that the positive going pulse of 
TP203 follows the trigger pulse, move Channel 2 
probe to TP303 since TP103 is the leading of the 
two tracks, and it is required to maintain the 
Channel 1 probe on the leading track. Repeat 
the process until the signal on Channel 2 is not 
observed. 


If the signal on TP203 is not observed on the 
screen, it is the leading track. Move Channel 1 
probe to TP203. Since the trigger probe has now 
changed location, verify that triggering is still 
correct, following the method described in step 4 
by observing TP102 with Channel 2. Move Channel 
2 to TP303. 


Repeat the process described in step 5 until all the tracks 
have been scanned, making sure correct triggering is 
maintained every time the Channel 1 probe is moved to 
the newly-found leading track, 


To verify that the leading track has truly been located, 
keep the Channel 1 probe fixed on that track and scan 
the remainder of the tracks with Channel 2 probe. The 
leading edge of the positive pulse will be observed at 
all of the test points. 
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Profile Plot: 


Keeping Channel 1 probe on the Read register test point 
corresponding to the leading track, use Channel 2 probe 
on TP103 through TP903. Record the time displacement 
between the leading edges of both pulses for each track, 
making sure that the proper triggering method is used. 


Write Single-Shot Deskew 


This adjustment is performed while the transport is loaded with a 
scratch tape for writing all ones on all tracks at 800 cpi. 


Le While running the transport continuously, display 
the reference track on Channel 1 and the test track 
using Channel 2 of the scope. Set the reference 
track potentiometer to approximately one-third turn 
from the counterclockwise position. Adjust the 
corresponding write deskew potentiometer so that 
the read profile of paragraph 16.7.1.2 is duplicated, 
making sure that the proper triggering method is used. 


2. Repeat for all tracks. See Table 6 for correct test 
point and potentiometer. 


VERIFICATION--STAIRCASE MEASUREMENT 
A quick verification of all the foregoing adjustments can be made 
by checking the width of the data staircase when the transport is 
Le Scope controls: 

a) Mode--Channel 1, DC. 

b) Sensitivity--0.1 V/cm. 

c) Trigger--External (+) AC, Trigger mode. 

am 


2x Connect scope trigger probe to test point .3’ and 
Channel 1 probe to test point Z. 


S 
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While writing continuous ones, the waveform 
should resemble that shown in Figure 63. Time T 
should approximate the results of subsection 16.6, 
step 7 and snouid not exceed: 
_100 
Tape Speed 


usec (T <4 ysec at 25 ips) 


Time T shall not include the effects of dynamic skew. 


If this condition is not met, repeat the procedures 
specified in paragraphs 16.6 through 16.7. 


DYNAMIC SKEW EFFECTS 


(EXAGGERATED FOR ILLUSTRATION } 


Figure 63. Staircase,.Waveform, Dual Gap Systems 


17. DATA ELECTRONICS SINGLE GAP SYSTEMS ADJUSTMENTS 


17.1 ADJUSTMENT SEQUENCE 


All alignments are made at the factory prior to shipment of equipment. 
Verify alignments if either subassembly has been replaced, or if data 
electronics or heads seem to malfunction. Before performing the 
adjustments, verify that the scope probes, plug-in unit, and time 
base are calibrated. 


All potentiometer and test point locations are identified on the module 
by a silk-screened designator adjacent to the component. See 

Figure B28for the location of test points and adjustments on the 
module. 
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WARNING: SYSTEM POWER MUST BE TURNED OFF 


EITHER THE DATA ELECTRONICS MODULE 
OR THE HEAD ASSEMBLY. 


Tape transport and power supply adjustments must be verified before 


norfarmina tho Aata electranice adiuetmente Racause af the intar-— 
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relationship amceng the circuits, the adjustments must be made in 
the following sequence: 


1s Read amplifier gain adjustment 
2s Read strobe delay adjustment 
ce Read stack azimuth measurement and correction 
4. Verification--staircase measurement. 
READ AMPLIFIER GAIN 
The following prescribes the adjustment procedure for nine-channel 
tape transports. For seven-channel systems, Set R211 and R311 
fully counterclockwise. 
i Scope controls: 
a) Mode--Channel 1; AC 
b) Sensitivity--0.2 V/cm. 
c) Trigger--internal, automatic stability. 
NOTE: BE CAREFUL TO USE A STANDARD LEVEL 
OUTPUT TAPE FOR THE READ AMPLIFIER GAIN 
ADJUSTMENT. 
2% Load standard level output tape on the transport and 
set the tape controller for a continuous write mode at 
a frequency corresponding to 800 cpi and ones written 
on all channels. 
oy Rewind and then run forward in a Read mode, 
4. Connect Channel 1.scope probe to test point 103 and 
run tape forward. Adjust R111 so that the analog signal 


has a 12-volt peak to peak amplitude. (See Figure 64,) 


oe Repeat for all channels. See Table 7 for correct 
potentiometers and test points. 
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1733 READ STROBE DELAY 


1. Scope controls: 


\ RAAA 

3 a 
b) S nn itivi oe 
c) Trigger--Internal (+) trigger mode. 

Zs Connect Channel 1 scope probe to test point 5. 


ce Verify that the transport is selected for high 
density operation and read all ones. 


4, A positive pulse will be observed at test point 5. 
(See Figure 65.) Adjust R28 for a pulse width of 
approximately one-half frame time. At 25 ips this 


should be 25 usec, at 37.5 ips, 17 wsec, and at 
45 ips, 14 usec. A frame time is defined asl 


2 


where V is the transport velocity and D 
is the operating data density. 


a J ADIVS'C® Fok 
25 USEC AT TP5 


'  @ 25 IPS [6 pree ow Fg 42 


Figure 65. Read Strobe Delay Adjustment, Single Gap Systems 
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17.4 


HEAD STACK AZIMUTH MEASUREMENT AND CORRECTION 


This adjustment is required only when the read/write head assembly 
has been replaced. Its purpose is to ensure that the stack is per- 
pendicular to the tape path. This is a mechanical adjustment and 
is accomplished by shimming either (but only one) of the two guides 
mounted on the head assembly base plate. The shims are mounted 
by removing the guide, inserting a shim on the guide shaft, and re- 
assembling the guide on the base plate. The shims are 0.0002 inch 
thick and one shim will correct for 15 microinches of skew. 


Ts 


Scope controls: 

a) Mode--Chop. 

b) Sensitivity--0.2 V/cm, DC, both channels. 
c) Trigger--External (+) AC trigger mode. 


d) Sweeptime--Sufficient resolution so that 
the positive-going edges of each trace can 
be accurately measured. 


Place Channel 1 scope probe and trigger probe on the 
test point corresponding to the head edge track located 
closest to the transport. This test point is 605 for 
nine-channel systems and 105 for seven-channel systems. 


Place Channel 2 probe on the test point corresponding to 
the channel farthest from the transport. This test point 
is 705 for nine-channel systems and 905 for seven- 
channel systems. 


Load a master skew alignment tape, making sure that the 
write enable ring is removed. Place the tape controller 
unit in a read mode and observe the time displacement 
between leading edges. (See Figure 66.) If the time 
displacement corresponds to a distance less than 25 
microinches, no shimming is required. 


Distance ( winch) = Velocity (ips) X Time (usec.) 


Viol 


REFERENCE CHANNEL 
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T 
5 — OUTSIDE CHANNELS 


Figure 66. Head Stack Shimming, Single Gap System 
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If the time displacement corresponds to a distance greater 
than 25 microinches, the guide on the file reel side of 

the head assembly must be shimmed. The number of shims 
can be calculated as follows, where N represents the 
number of shims: 


N= (Tape Speed) (Time) 
15 


Time Displacement for Speed Indicated (usec) 


Number of 
Shims 
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5% If the leading edge of the trace being triggered is seen 
but not that of the other channel, place the scope trigger 


probe on the opposite channel and observe the time dis- 


rewvrw wee SONNY ww eh sesh AERA OE WVaiw 


placement between pulse leading edges. In this case, 
the tape guide on the capstan side of the head assembly 
must be shimmed according to the instructions in step 4, 


6. After the guide is shimmed, verify that the time dis- 
placement between the outside channels corresponds 
to a distance less than 25 microinches. 


VERIFICATION--STAIRCASE MEASUREMENT 


A quick verification of all the foregoing adjustments can be made by 
checking the width of the data staircase when the transport is running 
in the forward direction. 


1 Scope controls: 
a) Mode--Channel 1, DC. 
b) Sensitivity--0.1 V/cm. 
c) Trigger--External (+) AC, trigger mode. 


Vi-=93 


2% Connect oocne trigger probe to test point 5 and 
Channel 1 probe to test point 6. 


3 While reading continuous ones that have just been 
recorded, the waveform should resemble that shown 


seh FLL 


in Figure 67. Time T should not exceed: 


100 psec. (T<4 usec at 25 ips) 
Tape Speed 
Time T shall not include the effects of dynamic skew. 
4. If this condition is not met, repeat the procedures 


specified in paragraph 17.4. 


may, 


DYNAMIC SKEW EFFECTS 
EXAGGERATED FOR iLLUSTRATION ) 


Figure 67. Staircase Waveform, Single Gap Systems 
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18.0 


TROUBLESHOOTING 


The following System Troubleshooting Chart provides a means 
of isolating fauits by citing symptoms, providing probable 
causes and remedies and referencing descriptive sections with- 
in the text. This chart in general must be used in conjunction 
with applicable schematics, assembly drawings and wiring 
diagrams. Refer to the system photographs in Figure 68 and 


Figure 69 to help locate the various subassemblies. 
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Symptom 


Power indicator light does | 


not work when switch is 
pressed on front panel. 


When the LOAD button 
is pressed swing arms 
do not move. 


TROUBLESHTOTING GUIDE 


Probable Cause 


Sl power switch in OFF 
position. 


| +5 volts missing. 


CBl Thermo breaker open. 


Power Indicator Lamp burnt 
out. 


No AC voltage to transport. 


Electro-mechanical retract 


assembly not working. 


+13V unregulated is 
missing. 


P19 connector not seated. 


Kl relay coil open. 


Remedy 


Switch S1 to ON position 
located by AC cord input. 


Check +5 volts at TP1 on 
regulator circuit board which 
is mounted on the power supply. 


Push in thermo breaker button 
located by AC cord input. 


Check the two outside terminals 
for lamp continuity. You can pull 
the switch out from the front. 


Check outlet with voltmeter for 
the proper AC voltage. 


S16 micro switch open on cam 
retract assembly. 


Check J19 Pin 2 for +13V. 


Check connection. 


Pull out relay and measure for 
continuity between pins 1 and 4. 


Reference 


Section 1, Figure 2 


Section 6, 
Paragraph 13 


Section 1, Figure 2 


Section VI, 
Paragraph 5 


Sec. VI 
Figure 49 
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Symptom 


When the LOAD button 

is pressed the swing arms 
travel to their upper 
limits and retract to the 
load position. 


When the LOAD button is 
pressed tape tensions and 
moves forward ata fast 
speed. 


When the LOAD button is 
pressed tape tensions and 
travels at a fast reverse 
speed. 


TROUBLESHOOTING GUIDE 


Probable Cause 


Tape threaded incorrectly. 


Electro-mechanical retract 
assembly not working. 


Kl power relay not picking. 


+13 volt missing. 
-13 volt missing. 


Tape not threaded correctly. 


Fixed reel amplifier 
defective. 


Tape not threaded correctly. 


File reel amplifier 
defective. 


Remedy 


Check threading diagram. 


$14 micro switch not closing 


during a load cycle. 
Check J19 Pin 2 for +13V. 


Check TP 420. 
Check TP 421, 


Check threading diagram. 


Remove tape, press load button 
when swing arms reach their upper 
limit, turn power OFF & ON. 
the swing arms can be cycled by 
hand and the voltages can be 


checked. 


Check threading diagram. 


Remove tape, press load button 
when swing arms reach their upper 
limit, turn power OFF & ON. 
the swing arms can be cycled by 


hand and the plus and minus 


voltages at TP425 and TP418 can 


be measured, 


Now 


Now 


Reference 


See «14.1 Fidi..:5 


B13 


B3 


Sec. VI 
Para. 1.1 


Sec. II. , Fig. 5 
sec. VI. 
Para. 15.3. 


sec. I. Fig. 5 


Sec. VI. 
Para. 15.3. 
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Symptom 


When the LOAD pushbutton 


is pressed, tape tensions, | 


but tape does not move 
forward. 


When the LOAD pushbutton 
is pressed, tape tensions 
and the tape moves for- 
ward but does not stop at 
the BOT marker, 


Swing arms continually 
cycle up and down after 
unloading the tape. 


TROUBLESHOOTING GUIDE 


Probable Cause 


No forward motion (forward 
lamp not lit.) 


Ramp generator circuit not 
working. 


Capstan amplifier not 
working. 
BOT tab dirty or tarnished. 
Photosense lamp burnt out. 


Photosense assembly not 
adjusted correctly. 


Microswitch on cam re- 
tract not opening. 


Defective microswitch. 


‘microswitch by pressing LOAD 


RELENTLESS TLE AE DE I TL 


Remedy 


Check TP402 for +5 volts. 


Check TP404 for voltage output. 


Check TP408 for voltage output. 


Clean with IBM cleaner. 
Remove head cover and check. 


With tape loaded and not at BOT 
TP 201 should be zero volts. 


Remove overlay and check S15 


button and visually watching for 
make and break action. 


Test microswitch with power OFF 
using an ohmmeter. 


Reference 


B23 & B24 


B23 & B24 


B23 & B24 


Sec, VI. 
Para. 15.1. 


B13 


B13 
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Symptom 


Tape does not respond to a 
forward or reverse com- 
mand in an ON LINE 
condition. 


| Write command given 


but no data being 
recorded. 


TROUBLESHOOTING GUIDE 


Probable Cause 
No ready status from trans- 
port. 
Interface cable fault. 
No forward input command. 
No select command 


File protect logic not 
working. 


i No write power. 


No write enable command. 


| Missing write clock. 


| Heads not plugged in 
correctly. 


Remedy 


Check ready status J16 Pin T 
for zero volts (low TRUE inter- 
face.) 


Check at controller cable and 

for Ready Status zero volt level 
input. 

Check forward level J16 Pin C for 
zero volts input. 


‘Check J16 Pin J for zero volts 


input. Check H and J jumper for 
+5 volts. 


Remove tape.Turn Power OFF. Turn 


power ON and push in solenoid 
plunger; it should stayin. Press 
the LOAD button. The plunger 
should now come out. 


Check TP6 for +12V. (Dual Gap) 
Check TP3 for +5V. (Single Gap) 
Check TP207 for +5 volts. 


Check Jl Pin A for negative going 
clock. 


Check J2 connector 


Reference 


B22 §& B23 


B22 & B23 


B22 & B23 


B22 & B23 


Bl2 
Jaap Co Pues 


B31 & B32 
B27 & B28 
B22 & B23 


B27 & B28 (S/G) 
B31 & B32 (D/G) 


B27 & B28 (S/G) 
B31 & B32 (S/G) 
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Symptom 


Written data is not 
correct. 


Correct written data 
cannot be read. 


TROUBLESE* TING GUIDE 


Probable Cause 


Failure of one Write circuit. | 


Intermittent Write power, 
motion, or write reset. 


One of the read channels 
is dead. 


Tape tracking is not 
adjusted correctly. 


Reference 


Remedy 
B31 & B32 (D/G) 
B27 & B28 (S/G) 


Write all one's and check 
TP101 through TP901 for 
Write signals. 


Monitor Write TP6, (D/G) or 
TP3 (S/G) motion TP204, Write 
reset J1 Pin C. Look for level 
changes, 


B31-4 B32: (p/G) 
B27 & B28 (S/G) 


On dual gap units real all one's B31 & B32 (D/G) 
and check TP102 through TP902 
for proper analog waveforms, 

Check TP103 through TP903 for 


proper digital waveforms. 


On single gap units, read all 
one's and check TP103 through 
TP903 for proper analog wave- 
forms. Check TP105 through 
TP905 for proper digital wave- 
forms. 


B27 &B28 (S/G) 


Check staircase. Sec. VI. Par. 16. 
(Dual Gap) | 
Sec. VI. Par. 


(Single Gap) 
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TROUBLESHOOTING CHART 


Symptom Probable Cause 


Correct written data 
cannot be read, cont'd. 


Read amplifier gains are 
incorrectly adjusted. 


Read Strobe Delay 
adjustment not correct. 


Head & guides need 
cleaning. 


Head cable not plugged in. 


Tape cleaner needs 


Pr 
RRS: SA A a a a MOE: NNSA WR 


Remedy 


Check read amplifier gains. 


Check read strobe delay 


adjustment. 


Clean head & guides. 


Plug in head cable. 


Empty head cleaner. 


Reference 


(Dual Gap) 
Sec. VI. Par. 
(Single Gap) 


Sec. VI. Par. 
(Dual Gap) 
Sec. VI. Par. 
(Single Gap) 


B28 & B32 


Sec. VI. Par. 16.3 


Sec. VI. Par. ° 
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Figure 68. MOD 10 Tape System -— Rear View 
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SWING ARM (FIXED) 


WRITE ENABLE SWITCH 


ARM DOOR STOP 


ASSY. SWING ARM — 


G ARM (FILE) | | HOLD DOWN KNOB ASSY 
GUIDE | ha 


| 


ASSY., 
DECK MTG. 
GUIDE 


LIMIT 
SWITCHES 
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Figure 69. Front View with Overlay Removed 


VIE 63 


Appendix A 


Recommended Spare Parts List 


For resistors, capacitors, small hardware and other items not 
included in the following list, any equivalent in type, value, 


size, tolerance, and quality may be substituted. 


RECOMMENDED SPARE PARTS LIST 


WANG MOD 10 TAPE SYSTEM 


(DUAL- AND SINGLE-GAP, 25 IPS) 


Description 


SUBASSEMBLIES 


Head Plate Assembly, 9 Ch., D/G 
Head Pi § Ch., S/G 


Head Plate Assembly, 7 Ch., D/G 
Head Piate Assembly, 7 Ch., S/G 


Photosense Assembly 

Reel Motor Assembly 

Retract Motor Assembly 
Capstan Motor/Tach. Assembly 
Write Enable Switch Assembly 
Arm Sense PWB Assembly 


Lamp Holder Assembly 


Regulator, PWB Assembly 
Assembly, Regulator Cable 


Transport Electronics, PWB., Assy. D/G 
Transport Electronics, PWB., Assy. S/G 


Data Electronics, PWB., Assy. D/G 
Data Electronics, PWB., Assy. S/G 


Self Aligning Guide Assembly 

Deck Mounting Guide Assembly 

Pile Reel Roller Guide Assembly 

Deck Mounting Guide Assembly 
PAB. PARTS & PROC. SPECS. 

Arm, Door Stop 

Bracket, Door Stop 

3Zracket, Door Stop 


Capstan 


Wangco 
Number 


200043-001 


ARAnaAs i, sie ee 


200115-001 
200226-001 


200057 


200063 


200119 


200547 


200378 


200475 


200794 


200495 
200858 


200488-004 
200488-016 


200521-004 
200347-002 


200425. 


200036 


200810 


200217 


200031 


200032-001 


200032-002 


200039 


A-2 


Oty. 


Commercial 
Equivalent 


Description 


Door Front 
Transformer, Power 
Cam, Arm Sense 


Cap, Head Tape Guide 


Shim, Head Tape Guide 
Spring, Head Tape Guide 
Brush, Reel Motor 
Drum, Head Tape Guide 


Brush, Capstan Motor 


ELECTRO-MECHANICAL COMPONENTS 


Capacitor 
Capacitor 
Circuit Breaker 
Fuse, 4 amp 
Fuse, 5 amp 
Fuse, 10 amp 


Indicator, File Protect 


Relay, Power Supply 
Relay, Arm Retract 


Switch, Snap Action 


Switch & Indicator, Forward 


switch & Indicator, Load 


-100020-008 1 
100020-014 1 
100014 1 
100028-023 1 
100028-024 1 
100028-027 1 
100105-002 l 
100030 1 
(100215 1 
100012 1 
100104-001 1 


100104-002 i 


A-3 


Wangco Oty. Commercial 
Number Equivalent 
200030 J 

200011 ] 

200021 l 

200045 1 

200046 2 

200203 24 O02~- 3075S 

200047 2 002-UG67A 

100190 2. 

200096 ] 

100186 2 


Sangamo 500-1943-01 


Sangamo 500-1949-01 


Wood Electric, 375-205-101 


Littlefuse, 311004 
Littlefuse, 311005 


Littlefuse, 311010 


Micro 15MI-T/J55 Actuator 


Wangco 
Number 


Commercial 


Equivalent 


Switch & Indicator, On-Line 
Switch & Indicator, Reverse 


Switch & Indicator, Power 


Switch, Rewind 


Switch, Reset 


ELECTRONIC COMPONENTS 


IC Hex Inverter 

IC Quad. 2 Input NAND 
IC Quad. 2 Input NAND 
‘C 10 Input NAND 

IC Dual Flip-Flop 

IC Operational Amplifier 
IC Monostable 

IC Dual Flip-Flop 

IC Triple Input NAND 

IC Voltage Regulator 

IC Operational Amplifier 
IC Operational Amplifier 
Transistor, NPN 
Transistor, PNP 


‘ransistor, Dual NPN 


100104-003 
100104-004 
100179-001 
100130-001 


100130-002 


100084 
100085 
100086 
100087 
100088 
100089 
100090 
100095 
100107 
100108 
100109 
100167 
100080 
100081 


100082 


Motorola MC-836P 

TI SN15846N 

TI. SN1IS858N 
Motorola MC-1804P 
TI SN158093N 
Fairchild, U6A7739393 
Pairchild, U6A960159X 
Motorola MC-852P 
Motorola MC-862P 
Pairchild, U6A7723393 
Fairchild, U6A7741393 
Motorola, MC-1437L 
2N4123 

2N4125 


TD 101, Sprague 


Description 


petir EATS 


Commercial 
Equivaient 


Transistor, PNP 100083 1 Motorola, MPS-U5]1 
Transistor, NPN 100112 1 TT.P29 
Transistor, PNP 100113 ] TI P30 
Transistor NPN 100125 : 2N2219 
Transistor, PNP 100158 ] 2N3053 
Transistor, NPN 100159 1 2N3055 
Transistor, PNP 100160 1 2N4037 
Transistor, NPN 100173 1 2N3771 
Semiconductor, SCR 100162 1 RCA 40654 
Diode, Rectifier Bridge 100018 1 Motorola MDA 962-1 
Diode, Signal 100091 6 ~~ -1N914 

Diode, Zener 100118 1 1N752 

Diode, Rectifier 100127 ] 1N4003 
Diode, Zener 100161 1 1N4736A 
Diode, Power 100174 1 1N3208 
Resistor, Variable, 50 ohm 100069-500 1 CLPA 50 
Resistor, Variable, 20 K 100069-203 2 CLPA 20K 
Resistor, Variable, 5K 100069-502 z CLPA 5K 
Resistor, Variable, 500 ohm 100163-501 1 Dale P/N 2487 
Resistor, Variable, 1K 100163-102 1 Dale P/N 2487 
Resistor, Variable, 5K 100163-502 1 Dale P/N 2487 
Resistor, Variable, 10 K 100163-103 1 Dale P/N 2487 
Resistor, Variable, 20K 100163-203 1 Dale P/N 2487 
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SPARES REQUIRED FOR SPEEDS OTHER THAN 25 IPS 


Wangco Commercial 

Description Number Qty. Equivalent 
S/G Data Electronics PWB., Assy. 

12.5 ips 200347-001 ] 

37.5 ips 200347-003 

45 ips 200347-004 ] 
D/B Data Electronics PWB., Assy. 

10-13 ips 200521-001 l 

13-17 ips 200521-002 1 

17-23 ips 200521-003 1 

30-40 ips 200521-005 1 

40-45 ips 200521-006 1 
S/G Transport Electronics, PWB, Assy. 

10 ips 200488-013° #1 

12.5 ips 200488-014 l 

18.75 ips 200488-015 1 

37.5 ips 200488-017 1] 

45 ips 200488-024 1 
D/G Transport Electronics, PWB. Assy. 

10 ips 200488-001 ] 

12.5 ips 200488-002 1 

18.75 ips 200488-003 l 

37.5 ips 200488-005 

45 ips 200488-006 1 
Transformer, Power Supply 

37.5 - 45 ips 200487 1 
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100073-102 | Be-2 C-3 
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100136-155 | A-l | A-3 
100135-76 | A-1 | Be3 
100073=102 | Bel A=3 
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re bs * yo008 | t 8 ' y0008: 1 . * — | 00092 E-3 | du | R203 * 
ae eee | ee sae Cee eae mee me ot ioe ona (al Gavel (== 1 <a 
1:-> gl4] : 6 203 . | 00081 | 5-2 te i | xo0080 «=| «B-2 | Jah |vRuoi| Diode, Zener | 100118 B6 | 5-6 8 aoe 330 
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BL76 Pa3 | HeS | R594 * 200 | 100156-101. F-2; J-h [R268 | * 37}4pe 750 | 100156-751 K-6 [Rh32 | * 25ips 13K/100156-133 [ Des | 8-5 

100156-103 Ej | Fak | : R268 | * * 
i . 


8530 | Missing. hSips 750 | 100256-751 374ips 15K }200156-153 | D-5 


4 
R531: Resister 22K} 200156-223' Dek i R269 [Resistor 220 {100156-222 


Pau 1532 | © 200K! 100156-10h, E=-6 ° Beh §R270 = 1.5K |200156-152 


LS4ee ISK 1100156153 | Ds 


Sips 


R533 510 | loms6~511) E-5 | aS [azz] L? |100068-470 
t: 


LS, 510 ; 100156-511, 51K 100256-512 H-S | Rh3h . &70  [200068-h71 | 6-6 


A-3 

E-3 

E43 

E-3 

D2 

De2 

De2 

Deo 

D2 

De2 

| Bz 

' Bel 

{ E~2 

‘ . E-1 

i . Fel 
74,82 10015610) Fab; Pek | R535: 3X} 100156-302' a-3! Co5 R273") ® 220 }200156-221] E-5 | G5 [RL35 " —-h70 |200068-471 | G-6 | Ab 
R483 100256-102] F=3 | Gub | R536 Res.10ips 3.3M} 100156-335i Ea Hel {R774 . 20K1200256-203 | D-6 | F-6 |AL36 "=~ U70 [100068472 | F-6 | any 
BLL] Missing. | R536} * 12dips 3.3M! 100156-335' E-n Heh [R275 . 43M] 100256433 | D6 | E-6 [Rb37 " 470 /100068-L71 | G-6 | Ab 
RLBS| Resistor 200256-11 ak | C25 R536 j % 181pe 3.3, 100256-335: E-L H Hey R276 . 10K] 200156-103 | £-6 F6 [R438 * 10K $200163-103 | £-5 Cu? 
Ru . 200156-119 4-3 | Cou | R596) * Sips 3.34! 10056-3395 BL! H-u = [R277 . 100K] 200256-104 | E-6 | F-6 |AL39 " 3.9% 1100156~392 | F-6 | Cok 
R487 7 100156203 A-b (‘es i | ' x R278 » 1] 100256-102 | E-6 F-6 [RLLO * 200 =/100156-101 | F-5 Bak 
RUGS " 100156-11} A-3- | Cb | : : R279 . 5.2K|200156-512 | Ge? | J+? jRuLL " 3.9K 1100156-392 | F-S | BAS 
R469 . 100 | 00256-1012 a-3 | C4 | : : Rbk " 360 |200156-361 | F-6 | Ch 
BLIO * 369K] 100256392] a-3 | D6 i | ‘ 1 RLOL |Resiator  — 1K}100256-202.} 4-5. ] D6 |Riebd * 200 fr00ise-d0r 1 FS | Ob 
B92 . 100156-107 BY | DS ; ' RL? * 1£]100156-102 | A-5 | 6 jAbub "100 |200256-101 | Fa5 | Cob 
B92 i. 1 2100156-103 A-3 C5 | i RLO3 * 10K} 100156-103 | a-5 CHH RULES bl 100 4100156-101 | F-5 Bel 
RLS} i" 2.2K} 100156-222 A-3 BS : RLOb * 10K} 100156-103 | 4-5 Cab | BbL6 i 360 $200156-361 | F-5 Boy, 
Mad: . uk] 100156-102} C-2 | p-5 i i : RLOS " 47K}100256—473 | a-S | C-6 [RLL7 "100 4200156-101 | F-5 | Bou 
BLS . 3K] 200156-302, c-2_ | DL i ! RLOS bd 87€1100256-b73 | a-5 | C-6 {RLLB " 560 }200256-561 | A-b | DS 
R196 * 350 | 200068-251, c-1 | Dy ' : ' RLO7 . 5.1K |100256-512 | a-6 | B~6 |RLAS . UW ]100156-102 | a-h | C6 
RA97 . 1K Ienis6-10d cr | Dd j ! R08 " 3M }200156-302 | A-6 | B-6 |RbSO * 6,8 {200156682 | An | C6 
B96 " 3.9K} 100156-392 Be} | DS i : RL09 . 5.1K} 100156-522 | a-6 | B-6 [rh52 " 190K ]200256~10h | a | c-5 
PLD * 3.9K} 100256-392] B+} | DS j | FLO . 30 |100256-301 | 2-6 | B-6 IrL52 " roe f00256-103 | asa | 6-4 
R500 . 39K! 2002562393 B3 | Dok : i BU; ° 5X [100163-502 | a-6 | B-7 jRLS3 * WM f1002564273 | ae | C25 
poe 7 F 2 oe 3 Be | ! R12 ° b. 7S }200256-1.72 = os = 30K [200256-203 | Bal | C-5 
' " «141200156512 * 100 |200156-10 o-5 
4503 . 2oK| 100156-20% D-2 | D-? i ain . Her 100156-S12 | B-S | Be5 Buse "100 Toolse-101 Bt cab 

RSOL > 2K} 10056-2023, D-2 | D6 : : Lat 7 5K{100163-502 | B-6 | B-? |RLS7 | Missing : 

SOS} 8 5-1K| 100256-512| D3 Hs : R26 . 4.7K ]100156-472 | B-6 | C-6 8 |Resistor mM [10056-3902] BY | CA5 


Ae 


rr eesti eaharennveen erento re tne ere 


B-25 Component Zoning Chart 


Transport Electronics, 


MATERIAL LIST 


ASSY. DATA ELECTRONICS 
DR AwING 


TITLE PWB, SASIC BOARD MODEL NO. _ DATE aYae’ sueer_2 or 10 


ve 
SS ae ee ee 
no Ee 


1 Cases ne SE Ce lea | © 
Ps [ie im a3 za 
Git 


u3l. 
I.C.Quad.2 Input Power. 100086 es U23.24.25.26. 30. 
mae isa te fae 


159088 


Fades lee 


95 
on167, 


aa. QL06~906. 


a 
Geran 
Pee ea es eae 
17 | Diode, Signal. 1N91b CRIO1-901. CA103~903. 
a 


CRLO7-907. CR108~908, 


2 ee a eR ed CTS 


CRII1-921. CRI12-912, 
Gel Ree PETG 


CRI13-913.CRIU-91h, CRLI5~915.5 
Senin oan meas eo 


20 | Capacitor, Mylar. 


| 21 | Capacitor, Polyftin, .COlSuf ee 
| 22 | Capacitor, Polyfila. buf | 100126-U7h eee | 


sor [acons-ow [a [oS 
fst Lronigase [a [es 


* MATERIAL 


LIST ML | orawinc wo. [rev] 


20037 ~ 0000 


peawne ASST DATA ELECTRONICS 
TITLE PWEB, BASIC SOARD mover nc... ont hfB/72 weer 2. oF 1Q_ 


a CO) 


ieee: Teele ao) ee 
Capacitor, Polyfilm.  .0lf| 100188-103 | 9 | c1c3-903. 
29 | Capacitor, Tantalua,  1.Suf | 100136155 


-2.3,9410.12.12.13,1! 615. 
| 16.27.18.29,  21.22.23.2h. 


pop | 025 26,27-28.29-30, 32.320 33- 
Fe ee ee eee 


ni 
[32 | Resistor. 52: tv. 75 [ roorse-750 | 9 [mmesn. 
33 [Reetetyr, vartebie. 5x [ roo0s9-son | 9 [rama 


fm [ Restorer, 6 2n | acooes-209 | a [ra 
2 Sa a een! 


35 | Resistor. 54. tw. 91“) 100156-910 R39. 
27 Lucosecamt | 2 [ma.ty/—____ 
[aens6-721 
100156-241 R23. 8105-905. R106-906. 


a 
Resietor. 5%. * 330 
a ena Se a 
Pe fRaaes ewe bene [a pee.nms | 
2 | Resistor. 1£. * }100155-261 | 2 [RIO R10. 
esistor, * 7 | 100155-270 | 1 | al 
fa ies 


Resistor, 5%, 4w 
| Resistor, * 


pa fiemanena. {oo [5 luneer 


ML 20037 - 2000 4 
UR AwING tft 


TITLE Pot, PASIC BOARD. wove, vo, 2B att U/B/7T1 meer J. o¢ 10 


sa 
ey | Resdater, af. au, 1.62« | 100155-309 pet 2107-967, R108~908. 


Eos ue 1.96K { 190155-317 
| 53 | Resistor. CS 2. Tk #3.5.7.19.20.21.26. 30. 


Ya 
[as [asi sce | =f DSsth, MED, NEE. 
1 57 ES, noon 6.3K | 100156682 L oe 
eee Resistor. 12. dy. 10K | 190155-385 pa RIAA, RLS=915. | 
69 | Keatstor. a , | 100156-123 117-917, 2129-919, 
oC ae 
Pee [pectetot the rossi | 9 mae, 
64 j Resistor. 5%. 4w. 100K | 190156-104 RL2:-~92h. RL27-927. 
| 65 | Resistor. " IMeg. | 100156-105 2122-922. 
| 69 [ artwork, Master. Process fret. | 


MATERIAL 


LIST 


3 : 
Ls ‘Specification, Test. ee 


Male. 


[Pin » Connector. 


350012-709 


re 


190021-903 


Ea Pin, Connector, 


‘Pin, Connector. 


WATERIAL List 


wocer no, JB oa LE SPD ne or 1O_ 


a 
[nl ENE MO GES 


[fae nef [I isos 5 


ae 
earn [a [end 
Err Rc Scan aa ENA 
ec RE 


MATERIAL LIST 


200347 - GOT 


ASST. DATA ce ade 
ofS. 


oR 
tte” "ee 2 Diy 


100165.-103 


22uf] 100168~226 C101-901, 


Capacitor, Ceraaic. 19997 2-660 0102-992, 


6 | Capacitor, Polyfiln. sNef} 1618-193 G104~90h . 
Ea Capacitor, “Mrlar. 20068uf | 129165-68 Si 


rina: | Gackciton, melan, Mylar. 


Capacitor, Tantalun. 


178K | 100155~505 


i 12k | sire, Golid Insulated. { 100ZwE~52 | A/R | Jumper Jl. Fron A to B. 


aa eam ee 
ee ee ee ee a 
nel RoR enn! Reet ne TERRE 
7 Cee ee Pele ee 
2 Pee Ge es eee 
ee eee epeees i pce, (PUEK Reeeeee 
ae ee ae ae ee Se ee en 
hee ee ee es (oe EE 
es eS eee 


DMAWING NO. REY. 


ML facuz - coe 
ASSY, DATA ELECTRONICS 


OF AaING 
tice’ _PWE.Tpe Pe 25ips. S/d, ove no. A oa K/B/TL sneer & or OL 


aa } DRAWING TITLE | TITLE | pwc. no. | NO. x eee ON CKT. DESIG 
ee 
Capacitor, ‘lar, 00baut] aontesece |r [ee 


Ay Capacitor, Tantalua, _ b.7uf vo070-L75 | 9 | cin-so1. 


rag [seposicor, erie. stee| aera [ [cuore 
Ea Capacitor, Sree pobTuf romudu72 | 9 | Cld-9. 


Capacitor, Mylar. 9033uf | 100165-332 Ba CINe~98.. 
0 100156662 
| Resistor. 1% 90.9 | 100155—477 0 110-919. 


‘MATERIAL LIST 


FREE 


122 


wire, Solid Insulated. 1002Lh8-32h | a/R | Jumper Jl. Frm A to ¥, 


w 
iB 4 ERRRC 


2903L7 + O93 


MATERIAL LIST 


REMARKS ON CRT. 


DESIG. 
ru13 | capacitor, Myler, 


pa] Capacitor, Tantalum. LeTut | 10007 01:75 ae C1O1-991. 


£105-905. 


ie co ar 
7 eeieear Mbarara 
Ci a aaa 


DRAWING NO. REVS 


MATERIAL e 
2000,7+ 00% | | 


LIST 


Ghats ASSY. DATA Pepe 


THLE tps mopec no. J8 ae OF30/7] weer 8 or 10. 


pf an TITLE Se eT ON CHT. DESIG. 
cepettor fatal att [aomroars [9 [aig 
Fag [Capaciter, Geran, 10090 [ toeo7z-101 | 9p eiee-voas id 
ee ee I 
ee 


En ee a ae ae 
Resistor, 1%. * 51.1 { 100255-453 | 9 | R110-910. 


| 1 Sa A 


Wire, Solid Insulated. 


1002K0-524 Jumper Jl. Fron A to B. 


Jumper J?, Not used, ' 


Data Electronics, Single Gap, PWB 


Material List, 


B-26 


dmd ‘dey oTbuts ‘sotuozzoetTq eqeq ‘ATqumessy 8¢2-d 


; 


ls PS i wee ee sl, | 


er oh Sei ae 


* 
oe) 
aa om 
an 
= 


N pane 
: “EELT 
N a 
| g Clas 
: > Sa] 
\ x BrEO 2 
” ae) © 
: a at | 
E ! j eae Woe 
rob dl 8 Ears 3 zg x v go Aw 
& feo | fe ragaa a2 w g 
po} ® Mabave 1 tae a 8 l s 
- - Fabdgs ee ee “ 
a vi 
a 3 
be 7 | ue 
ow x9 
; ace 
oy | G5 
a 2 
2 
fell 3 
| aan Fo 1 
i 


Be CERREnae ( eeaeneea  aeeaasag® i 
cB BGORIBBRE a BOGEN 0 HESSEREE a soa 2 oan ee | 
ay — be mt aansga |: son] | 1. , 
dag Sods En Sgse: G38 ji sSeds Soe Ses ae ie ! 

ag Ogee Oy Despre? Opecea® Orpepeel® on it 

a -|_-<Sy CEST DEERE Da REE PG ORGREA PAOD a u pio. de 
dB ORMRUCADEREC PETAEERO reset peRE | | tHE | 


| © OIOIOIDIOIOIO 1OI = 
¢ EEREEE HERES ERM 


foe gee jfog ole tiog gelejfog goleqiog | ee 
i ge G a3 5 bl se Se as E 38 Bl ae se Be : ta | 
el-eecee GREE) BEQE BREE EEE BEG ESE GREE BEEE | 


L 


r= 


roe 

©, 20% 
IC yiek 
ore: 
© rect 


par mAh ag. bao an age ‘aa-oe: ae. 


S045 5 tOad One ee® pean nee ay 
Heel Eleled EEG Bas Uae Gee 


Sanne cemnien | ola 


= 


JUMPER S32 


LA 


| 


WRITE INPYT 
(3) 


DRAWING NO. REV. 


2095.21~-20000 


LIST MATERIAL 


MATERIAL LIST 


. ASSY. DATA ELECTRONICS PWB. 
Daasis BASIC BoaRD. DUAL GAP MODEL KO, a an 


Ex Resistor. 1%. = 1.96.0} 1005-07 | 2 TAL 


Sp ee DATA BLECTRONICS PWB. 


DRAWING 
TITkLe mover no. Pare AZATL sneer 2 ot 2 


ETA Sa SET AEE 


i eee eo le 
[ a ees Gee ee ann 
2 Transistor, NPX.  2Ns123 | lo008C G1.2.5.8.9011.13-ib.15. 
7 era AE! A) 121-901, 4102-902. 
es Sd 
a a A 
Transistor. PNP, 284125 | 100082 UW | Wi.6.7410.12. 0108-908, 
[as [Greovister, beat wa, tao. ioe] 9 | aaesa, SS 
a 
kr a a 
[nie Sigel, ahah | 000m 


| CR103~903, TETe 


Ss 
eg Ee 


Resiator. =  * 68Kn| 100156-683 
oO Resistor. ° loex n.| 100156-108 | 


| Connector, Head. Male. 


; Cengector,:9 pin, 
Conpectcr. 5 pin. 
i Pin, Male. 


| 20 | Capeciter, Ceramic. 


Capaciter, CERAMIC 


MATERIAL LIST 


MATERIAL LIST 


ASSY. DATA ELECTRONICS PwB. 


ee IC BOARD, WAL GAP. woven no. 2 ate SARATAS sneer 2. or 20 


a eo oer 
fe [Saas tate C1. 2.3.l5,657- 9510-11 12,13. 

Cih.15.16.17.1€.19.20.21.22.23. 
=e Sea ee ae C2b.28,.29. 30.31. 32.37. 30.39.h0. 
ee ee 
Se ee Capecitor, Tantalon, Wf 


Pisin tenmnes —@ [ waa [fan 
Resistor, | Resistor, =" 5K | 100069-502 | R11Y-918, 
as oe 


ioe 9 {R231-9392. 


P35 testator. Ba 
| | Restetor, » "75 | rooss-am | 9 [mes-es. 
Hf meters 7 we Lassa [2 matey 
Resistor. " 190067-221 
[ine 100155-213 aA 
100156-221 #1.3.5.7-9.51. R1O1-901. 
hl. | Resistor. 2%. iw. , 200242-222 R26. RLL2=912, 
fe [ener oe bomen [fp = aes ee 
[| u3_| Resistor. 5%, lv. a eT ee Se 
| kb | Resistor. * bw. 100156-331_| 27 ESTEE it Sa eee See ae 
= mee eee 
a Resistor. S$. dv. 390 a Oe eae ER RE 
SEE a Oe ce A 
rae sonsSa | _}_ eel fe 
{8 _| Resistor. = Toone see ee 
Cae (oi eae eek I AS) 
ee 1; Gael See Caen ear 


[S| Rechotor. 56 fy. 2.28 | 0056-122 | 37 |RDT.22.25-30-32:bu.53.51 70. = Sree eee Be 
eet Seema ee See CS ee ee eee CE S| 


} 52 i R107-907 . 


aetia n . t F 


85 rf 
CS Re ae: SI (SE | 
200 


MATERIAL LIST 


| pRAwING NO. | nO. REY. 
20052100000 de 
ASSY. DATA ELECTRONICS PwB. 
Pram BASIC BOARD, DUAL GAP mone: no. __ re M2/TL_ sneer 3 or 20. 


PET need ee foe] en aoe 
Resistor, 1%. tv. = 1.960 a | 20 | RL2.55.2120-920. R123-923. 


+ 200256+2h BI2022.38 16.21 U5. 


atomies Delis 


RI —-9Us .2129-929 2133-933. 


[Be [Rectetor. ot. batkn| nomseiure |? [ans 
{ Resistor, " * 5.1Kn| — ec 


Vaeststor. = 6sbtn| roossee | mo (aes9, moO, MLL 
[favs esa wens [af 


| Resistor. " iota] Ecideataie W RLS. HRSA. 


ra 
2 
ze 


“es 10056393 | 9 [moe 


67 | Resistor, " 68K} 100156-683 | 10 |R37.R132-932. 


[ar [anes == eal oi | 9 1.2.3.8 GAT BE. 


oy Resistor. 220KN} 100156-22k F128-928, 


ly ie ee eae Sere ie (See 
72 H i H 


| 73 | Connector, Head. Male. | 100137 + 9 f3a, 95. 

: th | Cengector.:2 pin. ; 100%7-0CL | 2 fu2. 
15 | Consector. 5 pin, ' yo0aw7005 | 2 ol 
&6 | Pin, Male. ' 390098 | 33 {Test Pointe. 

iT Pe hae eee 
78_| ee aa 
9 a ES 
m0 | Sores Famine —~CSC~*id 
81 | Washer, Flat. 100047200 a 

| 82 | Washer, Int. Tooth Lock. re esl Weak. 

Oa 


MATERIAL LIST 


ne =e. 


| wire, Solid Bare. Laer Jl. From & to C 


MATERIAL LIST 


200521-. 001 ; A 


ASSY. DATA ELECTROWICS PwB. 


fa] iG 
Tee PS, TYPE P. D/QAP. mone. no. Hoar BARATA. seer _5 0 20 


5 rT 
5 SO) eT 
FEC [copter Win ater oer Hl eae, 


117 | Capacitor, - AVFILA: s00'YuF | 100225-152 


[Se [eects Rian oT Less 


C106-906. €107-907. 


ae 
as ie eee 


125 
es ee ee eee 


| Tabing, Teflon. 


BPpsT F 


ro 
Ton 


MATERIAL LIST 


ASST. DATA ELECTRONICS PwB. 


vnce’ __13-26,9 IPS. TIPE P. D/AP. 


MODEL no. vate ¥2/T2_ sweet _& rl 20 


Se 
fais [eapectory Tantei. Gout) aoonreian | 18 | eié-906, GOTH 

faze [eapecttor, Peiyfuia, aktwrFaomeeai | 9 [eases 
1 aan eas eal Lee 
ra 


fi [ie Ra eee eer ae 
i ipeeieee eee eee el 
a ee 


ae eee ee) 
ie RE 


Mi fesse 9 AD 


200521-. ous. ; 
ASSY, DATA ELECTRONICS PwB. 


ol 
32/7 smear! oF 20 TIE 30-3929 IPS. TYPE P. D/GAP. MODEL ee: pate MR /TL SHEET 


ET ene ene dew ore] roe | 
aaa aaa a eS SEeSInenIuSaEn Cinseanel OnEEE Sans enainnaAAEnOAERIEES 
Capeciter, Pely. outer] rooo7meu72 [| 1 [cm 
Se = ee 


Capacitor, Poly. 100077102 
Capacitor, Tantalua. 
| | 220 | Capeciter, Polyfila. 


MATERIAL LIST MATERIAL LIST 


ASSY. DATA ELECTRONICS Pw. 


Me’ _2f-22.9 IPS. TYPE P. D/P, one ance 


item 


-33uf 


nba 


ig | Capacitor, 
120 | Capacitor, Polyfila. 


Tantalus. 


ss 
<r  eE| 


Ec) nore Cred Sal aCe ae 
| [er [am saa, Roma [eer me 


Ee From M to N 
Jumper J3. From AA to BB. 


+ 3281 tubing, n i a/R 1 Jumper JZ. From 


MATERIAL MATERIAL LIST 


LIST 


W 


ASST. DATA ELECTRONICS PwB, 
Tee” §WOBS IPS. TYPE P, D/GAP. _ 


ASSY DATA ELECTRONICS PwS. 


OTTLe” __23-29.9 IPS. TYPE P. D/OAP, PODEL No. — Ware HAT seer 8 op 20. 


ae } RawnG TiTke | TITLE | pec.no. |wo.rea] — Stemanns on cer. vesic. | ON CKT, DESIG. 
| 116 | Capasiter, Pely. 20082af| 190077822 c3k 


Capasiter, FOLY.: ols} 10027S-152 
118 | Capacitor, Poly. -OMSuf soon se 9 


Capacitor, Tantalus. .L?of | 2001%6-b7h | 28 | €106-906, C107~907. 
Ee 


mover no. ovate 2/7 suees 10 or 20. 


OOL7uf | looo7T7—u72 Jf 1 | 
.001SuF | looz2S-1S2 
9 


faepita 100077~102 


evvass pera 


Dat. 


| 6102-901. Lic | Capacitor, Poly. 


9 0016-7 


} 120 | Capacitor, Polyfila, -15uf | 100126-15k 


i 
Nn 
fe 


3HOEN) 100156-33h | 18 | RQIS-915, 116-916, 123 | Resistor. 5%. tw. 330K} 1002560336 | 18 | RAIS!PIS, B116916, 


j 127 | Wire, Solid Bare fafa | jumper Jl. From A to C 
100226-022 Jumper J2. From M te ¥ 


F128 | Tubing, Teflon. 

re ae ee CT 

= Saeco soe Ss meena 
ees 


PWB (1 of 2) 


Dual Gap, 


Data Electronics, 


Material List, 


B-30 


[onavne wor eer) 
ML ccsa-0e7 


MOOEL i: Se pare 3/2/71 sweet 22 or 20 


PE] wee ee ee] ee oe | 
Capacitor, Fyler~ —_ -OMSuf] 100165-153 
7 


117 
[ane [ capacitor, Feige wooane| aoooriave |p [aoe 


19 | Capacitor, Tantalum. laf} 100136-105 | 18 | C106-906, 0107-907. 
Capacitor, Polyfilm.  .h7uf} 100128-47h | 9 


-MATERIAL 


LIST 


aSSY. DATA ELECTRONICS PwB. 
10~12.9 IPS. TYPE A. D/GAP. 


DRAWING 
TITLE 


| 128 | Tubing, Teflon. j 100zzeeo22 fave | 


MATERIAL LIST 


ASSY. Data ELECTRONICS PwB. 
13-16,9 IPS. TYPE A. D/UAP. 


ORAWING 
TITLE 


mooerno!__28 pate 2/7A_ sneer 12 of 20. 


118 [ Capacitor, Poly. —-«.0033uf| 100077-332 | 9 
[hao [capettor, rotytiin. ater] oouzeam [9 [acme 
372)| teriner, en eoseon [a [eS 
F223 [aeststors = + Seonn| aomse—seu | 38 | ass, mE, 


126 
Pie | ning, Ferien. | aooaaeore | a/n | dumper u2. Prom Heo P 
ee 


dire, Solid Pare. resi, | a/e | 


MATERIAL LIST 


MU paises 


ASSY. DATA ELECTRONICS PB. 


oTLe. PE A, D, 


TITLE = PS 


mooer so. WP mate OAT seer 13 ye 20. 


2 LT OY 
OC) 
Capacitor; Pos s008aut| 10007722 


-0022ur| 100077222 | 9 | clOl-901. 


S8uf | 10013668), 16 C106-906. C1O7~907. 


118 " Capacitor, Poly. 
ng 


Capacitor, Tantalus. 


TF 


a/R 
Tubing, Teflon. | a/R i 


MATERIAL LIST 


200521-010-. 


woven no. 26 ate S272 reer Ub or 20. 


W 


BRawING 
THLE 


ASST. DATA ELECTRONICS PwB. 


23-29,9 IPS. TYPE A. D/OAP. 


Capecitor, Poly. 


“cobeat on 
117 


fe” [Copector, Poy. onset [aecorrase [9 [emia 
fag” [epeciter, Tantlee, —altat [aooiveura [26 | 0s906, coi 
zo [pestter, Piptiin. zat [aconee-ara | 9 [enommoe, 
haz [teaser te sen femseon fa fe SC*d 


$126 


/127 | Wire, Solid Bare. 19005102 Jumper Ruex Jl. From B to C 
1128 | Tubing Tefloa, 190226-022 Jumper J2, Fron 4 to P. 


4196 H 
[har [aire Seasa Bee sooom oak 


DRAWING NO. 


200521-¢3 


| MATERIAL LIST 


| 
| om amins 
THTLE 


wooec no, 2B are 3/2/72 sweet 15 op 2Q 


ASSY, DATA ELECTRONICS PwB. 


30-39.9 IPS. TIPE a. O/GAP. 


18 C106~906, C107-907. 
C208.-908,. 


Resistor. 5%. hy. 
Resistor. * " 


MATERIAL LIST 


ASSY. DATA ELECTRONICS PwB. 


Onk5 IPS. TIPE A. D/GAP. .mooeL no. 2B vare 3/2/72 sneer 26 oe 
PE] eran ne ere one] se en oae | 


16 | Capacitor, Pols. 


DRAWING 
THLE 


“aut 


Jusper J1. Fror 
Jumper J2. From M to P 


3 


128 | turing, Teflon. 100226~022 


w 
s 
Q 


| 


H 


Tn enanine ree Tene. Pronto] semen or eer one 
Capacitor, Poly _0oiiet | aocorrare [a [Oke 


VUbividiie 


LIST 


MATERIAL 


ML. [ _praminc no. [ae] 
ceed oe 
move. no. 28 spa te 22/4/72 sneer U2 or 22 


Ea TC NO. fuo.weo.] RemaRKS on cxT. DESIG. | On CKT. DESIG. 
Capacitor, Poly. .0082uf| 100077-822 
1) 


100077~152 [> [c-m. x 


100136-L7L 9 C106~906. 


pnawng -ASSY-DATA ELECTRONICS PWB. 
WILE 23-29.9 IPS. TYPE ‘a’ 2/G. 


-0l1suf | 


117 
Capacitor, Poly. 
n9 


Capacitor, Tantalun. 


120 | Capacitor, Tantalum. eh7ut F 100236-47h | L5 | fcior-907- 
12 {| Capacitor, Polyfilm.  -27uf | 1001-278 | Em Pcios-908. 


Jumper Jl. Prom B to C. 
VJusper v2." HtoP. «| J2, " Mto P. a 


LIST 


MATERIAL 


: ASSY. DATA ELECTRONICS Pw. 
DRawNG 


5 MILE IPS. TYPE A. D/GAP. weed wo) A “pare HM seer WB oe 20. 


5 LS 
ee ee ee 
Fae [Capecttor, Pops ourat[aoooriare [a Ok. | 
nf [caractea, Pay -corsad|ioozas-isz| 1 [ew 


Capacitor, Poly. soolur | 100077102 | 9 | clO1~902. 
Fe a 
wSuf | 100128154 | 9 | 


Material List, 


AL15<915~2 R116-916. 


Resistor, Sk. tw. 
Resistor. * ad 


330KN, | 100156-33h 4 18 


i 
is 
B 
al 


ca 


cunper Jl. From 3 to C- 
dumper J2. From M te N 


wire, Solid Pare. 


8 : 

i 

> 
IIe 


ETT LTTE bsis} 


FS i | 
lt 

if 

i 


PWB (2 of 2) 


Dual Gap, 


Data Electronics, 


B-30 


Lan} 
r 
+ 


CUSTOMER 
INPUT WRT. 


a! 2 : 
ow - ~_ fv 
Hy ' tis Sai2i grizzgrize 
o RUG 120 103 2.4KT 6192 6.9 924K 
o} 0033, 


R2ZO QRZZ3 > TPZO2 © 
+ L96K> 196K ® 


—_ 
220K F 33K 
. -tav -ley -l2y 


o 


| PE berg dt 
| | _ Jaa 120 $Tccos 
0033 


C307 SRS2E,CRSOZ 
ok $a3271 


SIS T4ll5452re22; 


[LAST USED f DELETED 
2 es ea 


ee 
eee 
ae 
Y €6,025,c26_| 
aes 
| : a of toll OTB SOP 9 hp ee 

id : —— 
rr _ q { Ee 

; eee 


ji 


C) 

LRG , > 

B20Ky SKE hobs 
-AZv A2v 0 42v = 

+Sv00 Hev +5 


8930 


ol 


[G) FOR ASSEMBLIES OPERATING WITH 
DATA OPTION BOARDS: 
ADD JUMPER K-L 


SEE MATERIAL UST FOR VARIABLE 
. Ml COMPONENT. 


* 6 PIN 14 TO +5¥ ANO PIN 7 TO GROUND 
AT ALL 1.C.3. 


S$ ALL .1OUF CAPACITORS TO BE 20% 20' 


4 ALL CAPACITORS TO BE IN MICRO- 
FARAD 220% [SV. 


3 ALL DIODE TO BE locos! 
_:_2 ALL RESISTORS IN OHMS tom Jaw 


Ris 4 +59 
330 Fad RS 
WRITE pe wen 
E 


(F)SEL.@ READY 


NOTES: UNLESS OTHERWISE SPECIFIED. 


| 200521 


a — 
| iO 


6 


Data Electronics, Dual Gap, PWB 


Schematic, 


B-31 


om 


{Se fA (ee aaa) 


i 


"Fees Be agetaRe || 


Sobebclobobebsbet 2 i mead a et stienetionts 

eee ET Oks asaialereaueraseaseunltll 

oes Cen Ba ae °cammgag Sama? Soma 
‘Sooooced Sy “aie! ici igkrcl ieee 
aon sae EEECHC OIC OMIC OMG OB 


@8 


*: Sma com 


r ~~ ee 
ee ati i Sem ta 


ein 
Snes 


— 


| 


1 


roles 


or Sis RSE es See, pooh 


1 v on al 
I QOp #00 : 
4d - — ! 


@'7/4 


i 


=O cd a As eta iiniea |g 8 if 
oc hubiensccie SERED 


TYPE PP SHOWA CY FRCE CF DRAWIUG 
Ap GRC a 


F F n e 


ASSEMBLY - 
DATA ELECTRONICS 


iol, 


PWB 


Dual Gap, 


Data Electronics,. 


Assembly, 


B-32 


powee 


4080 


OD $$ — G LOUD 
— -—— ~~ ~ —fm 


BLK aE LECTROCRAFT TCH Mmcsaaea OTER 
O- - 3 Etec TRoceArLr 
O- - IMOTORS OHLY | wee eee 1 


Load PR&B.. 


TRANSPORT behor- 
On y moore 4080 sw, : 
Bol — +13 vee. er || mw fed _| tpt — seo 
aa ogs 3q— sraer eereacTr—J moror | - 
TR. READY: yy  sseW eer cast LOAD SWITCH 2009 s es @ 


GLOUAO 
- £10 Lee. O2VG 


GROUIO—p (| Fre soFrFe 7 s G@eoustO i _ H 
carsTau RETURs ’ 
i 


L040 PB, 
Aen LiMIT Sutac)—4 200550 


Magnetic Tape Transport, Single Gap 


af an] ml ef end 


aoe REWGRSE | CFOP 
COMTROULE ® REWNIO 
SELECT: 
MATE GAALe , I 
OPE nie i 
Might DEST Y STATUS. 
Ont (al STATUS 
= REWMIO WAU 
— aR Pile PacTech GIMTUS 
gor srarus 
BEAOY STatus 
aor trarus 
| 
| un 
re} y af 
tt 
Gacearce 4 JE on © 
Kec Set : ASCE acy Tt oc aa 
CONTROL aera ' 
1 Awec | . } Electing . : TRL O rer} e 
7 S/A-3 vm : re 
fo fa-/ ' " ae Mee ra} 
4 71 CUSTOMBE OL na 
i) i tT) Tex $ CCC MPUT 44 
1 _ASSY. cance COP | 1 a, WRITE OBIVERS d 
! 100508 seows i 1 Teke = 
F ted 4 
t 
i 
1 
t 
f] 


RESET 


Lawes 


EES 2 nk»®»A 

~ ~s 

RR @ 

~ f A 
B-34 


MEewWNTD 
Tet 
— 
& 
a 
a8 
2 


ero 


} mere aeser (-) 


ir} weire peemtT (-) 


at Baeo PeansT (-) 


P+) Low ZEAD 
< THRESWOLD (-) 


ao 
em Oe EKN DENA E TOM ASH DW 


ES 


SWHELD GLOUIO 


FIBV UULEGULOTE 
wire VOLTAGE 
Fa PamgecT LET. 


WIRING DIAGRAM 


MAGTAPE_TRANSPOR 
Q9CHANNEL S/G 


en teint A NN “Nh LS ERS ASR AM RRL 


(Oy | 


| 
| 


= =~] FLECTROCRAFT 
a =) MOTORS ONLY 


PID 
3 40AD 28. ——— 1 
2 TRANSPORT READY j 


‘LOAD PA. 
TR. READY 
GRO t 
| 


FIXED REEL DRIVE assy. 
POWEA tuPPiy 
219.0¥ IPED. 1 ww 2ocens | 


| 


FwO/ STOP | 
OFNSITY SELECT 
REV/ STOP is 
FROG TAPE 7 
CONTROLLER’ eEwine sf 
SELECT uJ 3 
WRITE f ENABLE a 
OFF LINE re 
AIGH DENSITY STATUS F 
OW LINE STATUS lead 
PEWND STATUS N 
Tat 
TEN TEOLER FUE PROTECT STATUS o| assy — |p? 
BOT STATUS R Phat Aco 
READY STATUS cae MOTION (+) 
for STATUS tn aonee REWIND (-) 
SELECT € READY (¥) 
warré gNnAalz (+) 
WRITE POWER GRO 
é MOM OCENSITY ©) ————————— 
Wire POWER GATE 
—— WRITE POWER ORD —————___—____-~- 
o * ae arf alte “name 
: a | 
ami “3 
eae oy oureuT 
ae be Grl— + 5.0¥ 5 OSSe 
‘ i. 4 -5.0V Aa SENSE 
aqua) RO Af 20047! 
aul 
: 10 Cia ed 
wr] 
ASSY OCP CABLE PAs 220508 a. rite 
Etc P ovrPur 
rowee Uy esty ——______aeeev_liw meey Ac SENSE 
A ‘4 
: cee OM Ney 4 -4.0V 
aie SC—~—CS AY ad 
soap ES. reo = 
| eee 
S “aamncwe, ey 
TO Y82 8 
en 18 town 
ON LINE t at aes ) 
A434 


| 


mene gy) yaiow |, 


eee ry A ~SV LAMP PCWER 
TET A__}e 2 BAIS : oad 
‘ aor 
wevewse “inp GLEN Nig LAMP RETURN 
rae ono 
Ls 
Bhan 7 
FORWARD Liga a] 4 EN _| ) 
am ae YeLcow Lig FE PROTECT STATUS 
LAME | eae) WAITE POWER GATE AS3Y. 


ee EWABLZ 
swrtcw 
P/N 200378 


3 FILE PROTECT RE TUR 
Cy WerTE VOLTAGE 


5 #/2Y UVMEGIRATED 


@ESET 


a PAK SNREQ mem wo SLY. 
Sef STARE RETR -~ Cary 200119 
CAMEBAD SUH TCH 


CAP STAM. RETO - 
SP0U, D> 
Fil BEB ORM 


FREDO Ft 9 Bix 
ZAMEMEWOTO!  6.E : 8 ——$—$ 


TR LARRY ——, oe 


7 
Ar’ ASSY. MICRO 
SEO) NSO | 5 HARNESS 
io : PIN ¢66550 


oe 
i 


Fuk 
(eee 


‘Ad TOR 


—r. 


4 
x 
x 
v 


~ 
» 
x 
o 


s 
» 
x 


4 
» 
x 
On) 


Se alien ie nin tie ein ative eis etn 
: oe 

2 

1" 
Pe args oe ee ape Caen ie ee Oe 


@~Ct @O aN W p= 


READ DATA 
wTPuT (-) 


4 
Py 
x 
> 


TRA 


» & 


frm 7 J 
READ STROBE 
oureuTr (-) 


wx Besearkeanr 


. is Tan P 
40; 
Mf 
+ TAK O 
ot 
ree 
2 
ASSY DATA Assy cara |p 
 1LECER OMNES ELECTRONICS } tan 2 
, i lca CUSTOMER 
} TREK 3 OR CACC INPUT 
“ WRITE DRWERS 
's ran « 
} 1K s | 


“_WWATE DATA 
Sstaoeé (-) 


ewire KESET (~) 


} WAITE FERMWT (-) 


| ean KERMIT (=) 
: 


\_ Low READ 
J rmaesHoco (-) 


yANOuUns~ Pp 


TAC HOME TER 


WIRING DIAGRAM, 
MAGTAPE TRANSPORT 
9 CHANNLE 0/6 


GI 


> 


aa (a 


Diagram, Magnetic Tape Transport, Dual Gap 


iring 


Ww 


B-35 


